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ABSTRACT
Sedimenta ry  rocks  o f  t h e  3 . 2 - 3 . 2  Ga o ld  Fig Tree  Group in  t h e  
sou thwes t  p a r t  o f  t h e  B arber ton  Greenstone  B e l t  in South A f r i c a  can be 
d iv id e d  i n t o  t h r e e  informal fo r m a t i o n s .  The low es t  u n i t ,  Formation A, 
i s  composed most ly  o f  s i l i c i f i e d  p y r o c l a s t i c  d e b r i s  and carbonaceous 
c h e r t s .  Formation B has f o u r  l i t h o f a c i e s  -  s i l t s t o n e ;  s an d s to n e ;  
j a s p i l i t e ;  and bedded b a r i t e .  Two c o a r s e - g r a i n e d  l i t h o f a c i e s  make up 
Formation C. In the  w es te rn  p o r t i o n  o f  th e  s tudy  a r e a  t h e r e  i s  
c h e r t - c l a s t  conglomera te  and in  th e  e a s t e r n  p a r t  o f  t h e  s tu d y  a r e a  i s  
v o l c a n i c - c l a s t  co n g lom era te ,  b r e c c i a ,  and s a n d s to n e .
In th e  w es te rn  p o r t i o n  o f  t h e  s tudy  a r e a  Formations B and C form a 
coarsen ing-upward  sequence o f  s i l t s t o n e ,  s an d s to n e ,  and conglomerate  
t h a t  i s  i n t e r p r e t e d  t o  r e p r e s e n t  a f a n - d e l t a  and a s s o c i a t e d  low-energy 
b a s i n .  Three f a c i e s  d e f i n e  t h e  f a n - d e l t a :  1) a s u b a e r i a l ,  d e l t a - p l a i n  
f a c i e s  c o n s i s t i n g  o f  a l l u v i a l  conglomerate  and s ands tone  in  a 
coarsen ing-upward  sequence ;  2) a d e l t a - f r o n t  f a c i e s  c o n s i s t i n g  o f  
subaqueous,  s e d i m e n t - g r a v i t y - f l o w - d e p o s i t e d  conglomerate  and sands tone  
d e r iv e d  from an a l l u v i a l / f l u v i a l  system t h a t  prograded  i n t o  a 
low-energy body o f  w a te r ,  and; 3) a subaqueous -bas in  f a c i e s  c o n s i s t i n g  
o f  lam ina ted  s i l t s t o n e  and t h i n  beds o f  s e d i m e n t - g r a v i t y - f l o w - d e p o s i t e d  
s a n d s to n e ,  cong lom era te ,  and b r e c c i a .  The p y r o c l a s t i c  and 
v o l c a n i c l a s t i c  rocks  found in th e  e a s t e r n  p o r t i o n  o f  th e  s tudy  a re a  
formed in  re sponse  to  d a c i t i c  volcanism which o c cu r red  du r ing  Fig Tree 
t im e .
Rocks o f  t h e  Fig Tree Group have been s u b je c t e d  to  d i a g e n e t i c  
a l t e r a t i o n  and low-grade metamorphism which has r e s u l t e d  mainly  in
v i i i
s i l i c i f i c a t i o n , a long  w i th  th e  p ro d u c t io n  o f  p h y l l o s i l i c a t e .  This  has 
produced rocks  t h a t  a r e  now composed main ly  o f  c h e r t  and s e r i c i t e .
Provenance s t u d i e s  i n d i c a t e  t h a t  t h e  sou rce  f o r  th e  Fig Tree f a n -  
d e l t a  inc luded  u p l i f t e d  p o r t i o n s  o f  t h e  u n d e r ly in g  g r e e n s to n e  b e l t  
sequence and penecontemporaneous Fig Tree  v o lc a n i c  ro c k s .
The t e c t o n i c  e v o l u t i o n  o f  th e  B arber ton  Greens tone  B e l t  from 
l a t e s t  Onverwacht through Fig Tree t imes  can be summarized in  t h r e e  
s t a g e s :  1) a p redominan t ly  v o l c a n i c ,  ano rogen ic  s t a g e ;  2) a s t a g e  o f
evo lv ing  t e c t o n i c  i n s t a b i l i t y ,  and; 3) a f i n a l  o rogenic  s t a g e  in which 
t h e r e  was t h r u s t  f a u l t i n g  and e r o s io n  o f  both  i n t r a -  and e x t r a - b e l t  
r o ck s .
INTRODUCTION
The Fig Tree  Group o f  th e  Swaziland Supergroup in th e  Barber ton  
Mountain Land, South A f r i c a ,  r e p r e s e n t s  the  f i r s t  major  accumula t ion  of  
t e r r i g e n o u s  d e b r i s  in  th e  g eo lo g ic  e v o lu t io n  o f  th e  Barber ton  
Greenstone  B e l t .  The Fig Tree r e s t s  on a t h i c k  v o lc a n i c  s u c c e s s i o n ,  the  
Onverwacht Group, made up l a r g e l y  o f  mafic  and u l t r a m a f i c  e x t r u s i v e  
rocks  with  minor accum ula t ions  o f  in te rb ed d ed  f e l s i c  v o lc a n ic  and 
sed im enta ry  m a t e r i a l .  Unlike the  sed im enta ry  l a y e r s  in th e  lower ,  
v o lc an ic  sequence ,  which c o n s i s t  p r i m a r i l y  o f  v o l c a n i c l a s t i c  d e b r i s  and 
which accumulated under anorogen ic  c o n d i t i o n s  (Lowe and Knauth, 
1977,1978; L an ie r  and Lowe, 1982),  rocks  o f  the  Fig Tree Group were 
d e r iv e d  in  p a r t  by e r o s io n  o f  o rogen ic  h ig h la n d s .  L o c a l ly ,  however,  
rocks  o f  t h e  Fig Tree Group a re  dominant ly  v o l c a n i c l a s t i c s  o r  lavas  
(Lowe and B y e r ly ,  1986b).
Few sed im en to lo g ica l  s t u d i e s  have focused  on th e  upper ,  
p redominant ly  t e r r i g e n o u s - c l a s t i c  p o r t i o n  o f  g re e n s to n e  b e l t s .  S tu d ie s  
in Canada (Goodwin, 1973; Henderson, 1975; Walker,  1978; Hyde, 1980),  
Western A u s t r a l i a  ( E r ik s s o n ,  1982a,b) and th e  Barber ton  Mountain Land 
o f  South A f r i ca  ( E r ik s s o n ,  1977 ,1978 ,1979 ,1980a ,b;  H e in r i c h s ,  1980; 
Reimer, 1980) have i n d i c a t e d  t h a t  s ed im en ta t io n  took p la ce  in both 
deep-sea  and a l l u v i a l  env ironm ents .  P a r a l i c  f a c i e s  a r e  no t  common but 
have been noted by E r iksson  (1977,1979) in th e  uppermost p a r t  o f  th e  
Barber ton  s u c c e s s io n .
H e in r ichs  and Reimer (1977) and Reimer (1980,1983) recogn ized  t h a t  
the  Fig Tree Group can be d iv id ed  i n t o  two major f a c i e s .  In th e  
n o r th e rn  p a r t  o f  the  Mountain Land th e  Fig Tree c o n s i s t s  mainly  o f
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graywackes and s h a l e s  and appea rs  to  be o f  deep-w a te r  o r i g i n  (E r ik s so n ,  
1980b).  The sou the rn  f a c i e s  c o n ta i n s  a v a r i e d  l i t h o l o g y  o f  c h e r t s ,  
t u f f s ,  j a s p i l i t e s ,  s a n d s t o n e s ,  cong lom era tes ,  b r e c c i a s ,  and sed im entary  
b a r i t e s .  Although Reimer (1983) sugges ted  t h a t  Fig Tree rocks  o f  the  
sou the rn  f a c i e s  were d e p o s i t e d  in  shal low w a t e r ,  few d e t a i l s  a re  
a v a i l a b l e  on th e  o v e r a l l  environmenta l  s u c c e s s io n .  This sou thern  
f a c i e s  i s  t h e  a rea  o f  s tudy  o f  t h i s  r e p o r t  (F ig .  1) .
The o b j e c t i v e s  o f  t h i s  s tudy  a r e  t o  d e s c r i b e  th e  sed im en to log ic  
c h a r a c t e r i s t i c s  o f  sed im enta ry  rocks  in  the  Fig Tree Group in o r d e r  to  
p rov ide  an i n t e r p r e t a t i o n  o f  th e  p ro cesses  and environments  o f  
d e p o s i t i o n ;  to  d i s c u s s  t h e i r  provenance and d i a g e n e s i s ;  to  examine the  
s t r a t i g r a p h i c  su ccess io n  in  t h e  s tudy  a rea  and r e l a t e  i t  to  Fig Tree 
rocks  d e s c r ib e d  e lsewhere  in  t h e  Barber ton  b e l t ;  and to  i n t e r p r e t  the  
e v o lu t io n  o f  t h i s  sed im enta ry  sequence in  t h e  c o n te x t  o f  t e c t o n i c s  and 
s e d im e n ta t io n .  Fac ies  i d e n t i f i c a t i o n  and i n t e r p r e t a t i o n  i s  im por tan t  
because i t  he lps  to  e s t a b l i s h  a framework f o r  t h e  unde rs tan d in g  o f  
Archean age ro c k s ,  in which v i r t u a l l y  no b iogen ic  f e a t u r e s  a r e  p r e s e n t  
to  a id  in  i n t e r p r e t i n g  such v a r i a b l e s  as  w a te r  d ep th .  These 
i n t e r p r e t a t i o n s  p rov ide  c r i t i c a l  in fo rm a t io n  concern ing  s t y l e s  o f  
t e c to n ism  and r e l a t e d  sed im en ta ry  b a s in s  and w i l l  l ead  t o  a b e t t e r  
unde rs tan d in g  o f  the  t e c t o n i c  e v o lu t io n  o f  t h e  Barber ton  Greenstone 
B e l t .
REGIONAL GEOLOGY
The B arber ton  Greenstone  B e l t  o f  South A f r i ca  i s  lo c a t e d  near  the  
e a s t e r n  margin o f  th e  e a r l y  Archean Kaapvaal c r a to n  o f  so u th e rn  A f r i c a  
(F ig .  1 ) .  The B arber ton  b e l t  c o n s i s t s  o f  a complexly f o l d e d ,  s l i g h t l y  
metamorphosed v o lc a n i c  and sed im entary  s u c c e s s io n ,  th e  Swaziland 
Supergroup,  surrounded and i n t r u d e d  by coeval o r  younger g r a n i t o i d  
ro c k s .  In th e  so u th e rn  p a r t  o f  th e  Mountain Land th e  g reen s to n e  b e l t  
c o n s i s t s  o f  a s e r i e s  o f  l a r g e  n o r t h e a s t - t r e n d i n g  a n t i c l i n e s  and 
s y n c l i n e s  w i th  a lmos t  v e r t i c a l  f o l d  axes (F ig .  1 ) .  In th e  c e n t r a l  and 
n o r th e rn  p a r t  o f  th e  Mountain Land th e  major s t r u c t u r a l  f e a t u r e s  a r e  a 
s e r i e s  o f  t i g h t ,  s t e e p l y - p l u n g i n g  s y n c l i n e s .
Three main s u b d i v i s i o n s  a r e  recognized  w i th in  t h e  Swaziland 
Supergroup (V i l j o e n  and V i l j o e n ,  1969):  1) the  Onverwacht Group,
c o n s i s t i n g  main ly  o f  mafic  and u l t r a m a f i c  lavas  with  minor amounts o f  
v o l c a n i c l a s t i c  and p y r o c l a s t i c  d e b r i s  and t h i n  sed im en ta ry  u n i t s ;  2) a 
middle  s u b d iv i s i o n  o f  n o n -q u a r tz o se  c l a s t i c  rocks  and c h e r t s  named the  
Fig Tree Group, and; 3) t h e  uppermost d i v i s i o n ,  th e  Moodies Group, 
c o n s i s t i n g  l a r g e l y  o f  more m a tu re ,  q u a r t z o se  c l a s t i c  rocks  (F ig .  2 ) .
E x t ru s iv e  rocks o f  t h e  Komati Formation in  the  lower Onverwacht 
Group have been da ted  a t  approx im a te ly  3 .5  Ga (Hamilton e t  a l . ,  1979; 
Jahn e t  a l . ,  1974; M ar t inez  e t  a l . ,  1984). The Middle Marker,  which 
occurs  a t  t h e  base  o f  th e  Hooggenoeg Format ion,  has a metamorphic age 
o f  approx im a te ly  3 .3  Ga (Hurley  e t  a l . ,  1972).  The age o f  the  
uppermost p a r t s  o f  th e  Swaziland Supergroup a re  c o n s t r a in e d  by 3 .2  Ga 
d a te s  on th e  Kaap Val ley  P lu t o n ,  which in t r u d e s  the  Moodies Group (Lowe 
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Fig.  1. Generalized geologic  map of  the  southern p a r t  o f  the  Barberton greens tone  b e l t  
showing lo c a t io n  of the  s tudy a rea .  Modified from Lowe e t  a l .(1985) .
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F ig .  2.  G e n e ra l i z e d  s t r a t i g r a p h i c  column o f  t h e  Swaziland 
Supergroup on th e  w e s t  l imb o f  t h e  Onverwacht a n t i c l i n e .  
Symbols: maf ic  and u l t r a m a f i c  v o l c a n i c  rocks  ( u n p a t t e r n e d ) ;
mafic  and u l t r a m a f i c  p y r o c l a s t i c  and v o l c a n i c l a s t i c  rocks  
(open t r i a n g l e s ) ;  f e l s i c  igneous  rocks  (random l i n e  segments ) 
c h e r t  ( b l a c k ) ;  f i n e - g r a i n e d  c l a s t i c  sed im en ts  i n c l u d i n g  some 
c h e r t  and j a s p e r  ( h o r i z o n t a l  l i n e  s eg m e n t s ) ;  s an d s to n e  
( s t i p p l e d ) ;  co n g lom era te  (open c i r c l e s ) .  Modif ied  from Lowe 
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of  th e  g re e n s to n e  b e l t  have been i n t r u d e d  by p l u t o n i c  rocks  having ages 
ranging  from 2.7  t o  3 .5  Ga (Barton e t  a l . ,  1983).
The p r e s e n t  s tudy  a r e a  i s  l o c a t e d  on th e  west  limb o f  th e  
Onverwacht a n t i c l i n e  and in c lu d e s  rocks  from th e  uppermost Kromberg 
Formation to  the  mid- to  upper  Fig Tree  Group. Due to  s t r u c t u r a l  
t r u n c a t i o n ,  the  top  o f  t h e  Fig Tree  Group i s  no t  exposed in t h e  s tudy 
a r e a .  S t r a t a  in th e  s tudy  a rea  s t r i k e  approx im ate ly  E-W with 
s t r a t i g r a p h i c  up to  t h e  n o r th  ( P l a t e  I ) .
In the  p r e s e n t  s tudy  a r e a  t h e  rocks  o f  the  uppermost Onverwacht
and Fig Tree Groups a r e  s ta c k e d  and r e p e a te d  in a s e r i e s  o f  t h r u s t
s h e e t s .  In d iv id u a l  s t r u c t u r a l  zones in c lu d e  up to  900 m o f
a l lo ch th o n o u s  v o lc a n i c  and sed im en ta ry  rocks  and extend as  much as 15 
km along s t r i k e  (Lowe e t  a l . ,  1985). Recogni t ion  o f  r ep ea ted  
s t r u c t u r a l  b locks  i s  based on key marker  beds and re c o g n iz a b le  re p e a te d  
s t r a t i g r a p h i c  sequences .
The e n t i r e  g re e n s to n e  b e l t  has undergone lower g r e e n s c h i s t  grade  
metamorphism. This  metamorphism i s  r e s p o n s i b l e  p r i m a r i l y  f o r  the  
p roduc t ion  o f  s e r i c i t e  and c h l o r i t e .  Si 1i c i f i c a t i o n  o f  a l l  l i t h o l o g i e s  
has occur red  to  some d e g re e .  Although t h i s  s i l i c i f i c a t i o n  has a l t e r e d  
pr imary m ine ra logy ,  i t  has f o r  th e  most p a r t  p re se rv ed  primary 
s t r u c t u r e s  and t e x t u r e s .  Post-metamorphism a l t e r a t i o n  in c lu d e s  the  
p roduc t ion  o f  c a l c i t e ,  p y r i t e ,  and h e m a t i t e .
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PLATE I 
( see  back pocke t)
STRATIGRAPHY
The name 'F ig  T ree '  was f i r s t  a p p l i e d  by Van Eeden ( see  V i s s e r ,  
1956, p .  41) to  a sequence o f  s h a l e s ,  banded c h e r t s  and i r o n s t o n e s ,  
graywackes,  and minor amounts o f  conglomerate  o c c u r r in g  between th e  
Kromberg Formation o f  th e  Onverwacht Group and th e  sands tones  o f  th e  
Moodies Group in th e  n o r th e rn  p a r t  o f  t h e  Barber ton  g re e n s to n e  b e l t .  
L i t t l e  s t r a t i g r a p h i c  and sed im en to lo g ica l  work was accomplished u n t i l  
Reimer (1967, fo rm a l i zed  by Condie e t  a l . ,  1970) d e f in e d  t h r e e  
f o r m a t i o n s ,  th e  Sheba,  Belvue Road, and Schoongezich t  Format ions ,  
w i th in  t h e  Fig Tree  Group. Type s e c t i o n s  were e s t a b l i s h e d  both to  the  
n o r t h e a s t  and west  o f  the  p r e s e n t  s tudy  a r e a .  The Sheba Formation 
(700-1000 m) c o n s i s t s  o f  graywacke w i th  s u b o r d in a t e  s h a l e  and banded 
i r o n - f o r m a t i o n .  The o v e r ly in g  Belvue Road Formation (600-100 m) i s  
made up o f  in te rb e d d ed  graywacke,  s i l t s t o n e ,  c h e r t ,  banded 
i r o n - f o r m a t i o n ,  and lo c a l  accum ula t ions  o f  p y r o c l a s t i c  rock .  The 
Schoongezicht Formation (200-600 m) c o n s i s t s  mainly  o f  p y r o c l a s t i c  
ro c k ,  v o l c a n i c l a s t i c  r o c k ,  conglomerate  and graywacke.
Sed im ento log ica l  a n a l y s i s  by E r iksson  (1980) has shown t h e s e  fo rm at ions  
t o  r e p r e s e n t  mid-fan  channel and lower f a n / b a s i n  p l a i n  and b a s in  s lope  
d e p o s i t s  o f  a submarine fan  system.
The fo rm at ions  o f  Condie e t  a l .  (1970) c o n s t i t u t e  t h e  ' n o r t h e r n  
f a c i e s '  o f  t h e  Fig Tree Group and a r e  d i s t i n c t l y  d i f f e r e n t  from th o se  
o f  th e  ' so u th e r n  f a c i e s ' (H e in r ic h s  and Reimer, 1977; H e i n r i c h s ,  1980; 
Reimer,  1980, 1983).  The p r e s e n t  s tudy  a r e a  i s  l o c a t e d  w i th in  th e  
sou the rn  f a c i e s  and t h e  fo rm a t ions  o f  t h e  n o r th e rn  f a c i e s  w i l l  no t  be 
c o n s id e re d .
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H ein r ichs  (1980) worked in  t h e  Fig Tree  Group in  t h e  so u th e rn  p a r t  
o f  th e  Mountain Land and p r e s e n te d  d e t a i l e d  d e s c r i p t i o n s  o f  th e  
l i t h o l o g i c  u n i t s .  He d iv id e d  the  Fig Tree  i n to  f o u r  fo r m a t io n s .  From 
bottom t o  top  t h e s e  i n c lu d e :  1) Umsoli Format ion,  a sequence o f  
carbonaceous  c h e r t  and s i l i c i f i e d  v o l c a n i c l a s t i c  d e t r i t u s  capped by 
carbonaceous s h a l e  and micaceous vo lcanogen ic  graywacke; 2) Ngwenya 
Format ion,  c o n s i s t i n g  o f  s h a l e ,  j a s p i l i t e ,  and c h e r t - c l a s t  
cong lom era te ;  3) Mapepe Format ion ,  c o n ta i n in g  micaceous q u a r t z a r e n i t e ,  
s u b a rk o se ,  d o l o s t o n e ,  bedded b a r i t e ,  f e l d s p a t h i c  s h a l e ,  l i t h i c  
graywacke, and c h e r t - c l a s t  cong lom era te ,  and; 4) Schoongezicht  
Format ion,  in  th e  so u th e rn  f a c i e s  c o n s i s t i n g  o f  v o lc a n ic  t u f f s  and 
a g g lom era tes .
The Fig Tree Group in  th e  s tudy  a re a  can be d iv id e d  i n t o  t h r e e  
main l i t h o s t r a t i g r a p h i c  u n i t s .  They i n c l u d e ,  in  a scending  s t r a t i g r a p h i c  
o r d e r ,  1) a basa l  sequence o f  c h e r t s ;  2) a su cc e ss io n  o f  s i l t s t o n e s  
and f i n e - g r a i n e d  s a n d s to n e s ,  and; 3) conglomerate  and b r e c c i a  a t  th e  
t o p .  These t h r e e  l i t h o s t r a t i g r a p h i c  u n i t s  a re  he re  in fo r m a l ly  
d e s ig n a te d  as  fo rm a t ions  A, B, and C from base  t o  t o p .  Table  1 l i s t s  
t h e  t h r e e  informal fo rm at ions  o f  t h e  Fig Tree Group o f  th e  p r e s e n t  
s tudy  along with  a s u b d i v i s i o n  o f  t h e s e  fo rm a t ions  i n t o  n ine  
l i t h o f a c i e s .  F igure  3 i s  an i d e a l i z e d  s t r a t i g r a p h i c  column o f  th e  Fig 
Tree Group in  t h e  so u th e rn  p a r t  o f  th e  Barber ton  b e l t ,  in  which th e  
fo rm at ions  and l i t h o f a c i e s  a r e  shown. More r e c e n t  f i e l d  s t u d i e s  
(Byerly  and Lowe, 1985,1986; Lowe e t  a l . ,  1985; Lowe and B yer ly ,  1986b) 
have shown th e  lower Fig Tree  to  c o n ta i n  in te rb e d d ed  u l t r a m a f i c  l a v a s ,  
banded c h e r t s ,  and carbonaceous  c h e r t s .  These p r e v i o u s l y  unrecognized  
"Fig Tree"  u l t r a m a f i c  l av as  occur  only  in h ig h e r  s t r u c t u r a l  b e l t s ,  as
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Table  1. Major l i t h o s t r a t i g r a p h i c  u n i t s  and l i t h o f a c i e s  in 
th e  Fig Tree  o f  t h i s  s tu d y .  See F ig .  4 f o r  
s t r a t i g r a p h i c  r e l a t i o n s h i p s .
FORMATION LITHOFACIES
A -  Basal c h e r t y  u n i t  A. -  Black carbonaceous  and
banded c h e r t
A? -  S i l i c i f i e d  v o l c a n i c l a s t i c  
ash and l a p i l l i
B -  Fine g ra in e d  s i l t s t o n e  and 
sands tone  u n i t s
Bp -  S t r u c t u r e l e s s ,  graded  and 
f l a t  l am ina ted  sands tone  
w i th  l o c a l l y  i n t e r ­
bedded b r e c c i a
Bg -  J a s p i l i t e
B^ -  Bedded b a r i t e
B. -  Th in ly  bedded, lam ina ted  
f e r r u g i n o u s  s i l t s t o n e  
and very  f i n e  sands tone  
w i th  l o c a l l y  t h i c k e r  and 
c o a r s e r  san d s to n e  beds
C -  Conglomerate and b r e c c i a Cher t  c l a s t  conglomerate  
and sands tone
V o l c a n i c l a s t i c  b r e c c i a ,  












- P la g io c la se  porphyry brecc ia /cong lom era te  C2
-  Conglomerate and sandstone Cj
-  Sandstone w i th  in te rbedded b re c c ia  B2
S i l t s t o n e  and f in e -g r a in e d  sandstone
J a s p i l i t e ,  and Bedded B a r i t e  B3 , B 4
Banded black c h e r t  and v o l c a n i c l a s t i c  .
sandstone  1 ,rt2
* • *  - Msauli Chert 
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Fig.  3. Generalized s t r a t i g r a p h i c  column o f  the  Fig Tree Group of  t h i s  s tudy . L i th o fa c ie s  
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4 - Comparison of  (A) Fig Tree s t r a t i g r a p h y  o f  the  western  p o r t io n  o f  t h i s  study with 
(B) Fig Tree s t r a t i g r a p h y  o f  Heinrichs (1980).  No v e r t i c a l  s c a l e  a v a i l a b l e  f o r  (B).
d i s c u s s e d  in  th e  fo l lo w in g  s e c t i o n ,  and i n d i c a t e  t h a t  t h e  c o n t a c t  
between the  Onverwacht and Fig Tree  i s  d iachronous  (Lowe e t  a l . ,  1985).
F igure  4 compares t h e  l i t h o l o g i c  u n i t s  o f  H e in r ich s  (1980) w i th  
th o se  o f  t h e  p r e s e n t  s t u d y ,  and i t  can be seen t h a t  s i g n i f i c a n t  
l i t h o l o g i c  d i f f e r e n c e s  e x i s t  between th e  two a r e a s .  While t h e r e  i s  
obvious  c o r r e l a t i o n  between c e r t a i n  u n i t s ,  e . g .  th e  basa l  c h e r t  
( fo rm a t ion  A) o f  t h i s  s tudy  w i th  t h e  lower p o r t i o n  o f  t h e  Umsoli 
Formation o f  H e in r ichs  (1 980) ,  t h e r e  a r e  s ev e ra l  problems with  
u t i l i z i n g  t h e  fo rm a t ions  o f  H e in r ichs  (1980):  1) a v a r i e t y  o f
l i t h o l o g i c  u n i t s  i n c lu d in g  q u a r t z  a r e n i t e ,  s h a l e ,  s l a t e ,  su ba rkose ,  and 
d o lo s to n e  do no t  occur  in th e  p r e s e n t  s tudy  a rea  bu t  a r e  inc luded  in  
th e  Fig Tree o f  H e in r ichs  (1980) ;  t h e  fo rm at iona l  boundar ies  o f  
H e in r ichs  (1980) a r e  d e f in e d  by t h e  appearance  o r  d i s ap p e a ra n ce  o f  
u n i t s  which do no t  crop  o u t  in  th e  p r e s e n t  s tudy  a r e a .  These 
d i f f e r e n c e s  r e n d e r  c o r r e l a t i o n  between th e  two s t r a t i  g rap h ic  sequences  
o f  no p r a c t i c a l  u se .  I t  shou ld  be p o in ted  ou t  t h a t  th e  t u f f s  and 
agg lomera tes  o f  t h e  Schoongezicht  Fm. (F ig .  4) may c o r r e l a t e  with  th e  
v o l c a n i c l a s t i c  sequence ( l i t h o f a c i e s  0.^) o f  the  p r e s e n t  s tu d y .
However, f o r  t h e  sake o f  c o n s i s t e n c y  w i th in  th e  p r e s e n t  r e p o r t ,  
Schoongezich t  Fm. w i l l  no t  be used .
STRUCTURE
Most rocks  in  th e  B arber ton  Mountain Land d ip  s t e e p l y ,  u s u a l l y  
w i th  ang le s  o f  70 degrees  o r  g r e a t e r .  Large ,  n o r t h e a s t - t r e n d i n g  
a n t i c l i n e s  and s y n c l i n e s ,  w i th  n e a r - v e r t i c a l  p lu n g e s ,  a r e  t h e  major 
s t r u c t u r a l  f e a t u r e s  in  t h e  so u th e rn  p a r t  o f  th e  Mountain Land (F ig .  1) .  
Sm al le r  a n t i c l i n e s  and s y n c l i n e s  a r e  p r e s e n t  on a mete r  s c a l e .  Ramsay 
(1963) f i r s t  documented t h e  polyphase  n a tu r e  o f  th e  de form at ion  in  the  
n o r th e rn  Mountain Land. More r e c e n t  work (Dokka and Lowe, 1984; Lowe 
e t  a l . ,  1985; de Wit e t  a l . ,  1983; de Wit ,  1982; and Fr ipp e t  a ! . ,
1980) has shown th e  e x i s t e n c e  o f  t h r u s t -  and f o l d -  nappes ( P l a t e  I ) .
In th e  s tudy  a r e a  t h e  Fig Tree Group occurs  as s ev e ra l  m a jo r ,  and 
some minor ,  s t r u c t u r a l l y  r e p e a t e d  packages .  The genera l  s t r a t i g r a p h i c  
sequence w i th in  t h e s e  s t r u c t u r a l  packages in c lu d e s  a basa l  u n i t  o f  
s i l i c i f i e d  b lack  carbonaceous c h e r t  and v o l c a n i c l a s t i c  d e b r i s  o v e r l a i n  
by a c o a r sen in g  upward sequence o f  s i l t s t o n e ,  s an d s to n e ,  and 
conglomerate .  The basa l  c h e r t  i s  u n d e r l a in  by s i l i c i f i e d ,  a l t e r e d  
u l t r a m a f i c  v o l c a n i c  rocks  which a r e  commonly s h ea re d .  These vo lcan ic  
rocks  r e p r e s e n t  t h e  uppermost Kromberg Formation o f  th e  Onverwacht 
Group (F ig .  2 ) .  C o r r e l a t i o n  between s t r u c t u r a l  b e l t s  i s  based on the  
p re sence  o f  d i s t i n c t i v e  l i t h o l o g i e s  and on th e  r e p e t i t i o n  o f  
s t r a t i g r a p h i c  sequences  in  th e  s t r u c t u r a l  packages .  For th e  purpose o f  
d i s c u s s i o n  o f  c o r r e l a t i o n  between s t r u c t u r a l  z o n es ,  only th e  major 
s t r u c t u r a l  b e l t s  a r e  c o n s id e re d .  These b e l t s  a r e  here  termed 
s t r u c t u r a l  zone-1  (SZ-1) and th e  o v e r ly in g  s t r u c t u r a l  zone-2  (SZ-2) .
L i t h o f a c i e s  A2 and t h e  Msauli Cher t  s e rv e  as key marker beds 
between s t r u c t u r a l  zones (Table  1 and F ig .  2 ) .  These u n i t s  a re
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composed o f  s i l i c i f i e d  v o l c a n i c l a s t i c  d e b r i s  having d i s t i n c t i v e  
s ed im en to lo g ica l  and m in e ra lo g ic a l  c h a r a c t e r i s t i c s  which y i e l d  a high 
co n f idence  le v e l  f o r  c o r r e l a t i o n .  The Msauli Cher t  and L i t h o f a c i e s  
occupy th e  same r e l a t i v e  s t r a t i g r a p h i c  p o s i t i o n  in  t h e  two s t r u c t u r a l  
zo n es ,  and in  both  zones t h e  basa l  c h e r t  i s  o v e r l a i n  by a 
1i t h o l o g i c a l l y  i d e n t i c a l  t e r r i g e n o u s  c l a s t i c  sequence .  Lowe and Byer ly  
(1986a) have r e c e n t l y  documented a n o th e r  d i s t i n c t i v e  bed which can be 
found a t  t h e  same s t r a t i g r a p h i c  ho r izon  in  r e p e a te d  s t r u c t u r a l  b lo c k s .  
I t  c o n s i s t s  o f  t h i n  l a y e r s  c o n ta i n in g  s i l i c a  s p h e r u le s  which a r e  
i n t e r p r e t e d  as  o r i g i n a t i n g  from m e l t in g  due to  impact  o f  m e t e o r i t e s  or  
comets.
The s t r u c t u r a l  b locks  a r e  s e p a r a t e d  by s t r a t i f o r m  f a u l t s  which 
developed w i th in  th e  s e r p e n t i n i z e d ,  u l t r a m a f i c  rocks  in  th e  upper 
Kromberg Format ion.  Sense o f  s h e a r  a n a l y s i s  i n d i c a t e s  t h a t  th e  
n o r th e rn  b locks  have moved e a s t  r e l a t i v e  to  t h e  sou the rn  b locks  (D.R. 
Lowe, p e r s .  comm., 1986).  These f a u l t s  can be t r a c e d  r e g i o n a l l y  on th e  
b a s i s  o f  t r u n c a t i o n  o f  f o l d s ,  r e p e t i t i o n  o f  d i s t i n c t i v e  l i t h o l o g i c  
u n i t s  and s t r a t i g r a p h i c  seq u en ces ,  and by th e  p resence  o f  narrow zones 
o f  de fo rm at ion  (Lowe e t  a l . ,  1985).  L o c a l ly  t h e r e  i s  ev idence  t h a t  th e  
f a u l t  p lan es  were o r i g i n a l l y  in  a n e a r - h o r i z o n t a l  p o s i t i o n .  This i s  
shown by th e  p resence  o f  q u a r t z - f i l l e d  c a v i t i e s  t h a t  occur  a long 
s t r a t i f o r m  f a u l t  zones (Lowe e t  a l . ,  1985).  The q u a r t z  d i s p l a y s  
pendant s t r u c t u r e s  which i n d i c a t e s  th e  c a v i t y  was approx im a te ly  
h o r i z o n t a l  dur ing  i n f i l l i n g .
F i e ld  mapping o f  t h e s e  s t r u c t u r a l  zones has shown t h a t  w i th in  each 
block t h e r e  i s  s t r a t i g r a p h i c  younging t o  t h e  n o r t h .  There i s  a l s o  an 
o v e r a l l  younging t r e n d  from s o u t h e r l y  t o  n o r t h e r l y  b locks  (D.R. Lowe,
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P e r s .  Comm., 1986).  This  i s  shown by th e  l o s s  o f  Kromberg Formation in 
t h e  lower p o r t i o n  o f  n o r t h e r l y  b lo c k s ,  such t h a t  th e  basa l  rocks  a r e  
Fig T ree ;  and t h e  concom i tan t  appearance  o f  Moodies Group rocks  in  t h e  
uppermost s t r u c t u r a l  zone.  H a r r i s  and M i l i c i  (1977) documented a 
s i m i l a r  s t r u c t u r a l / s t r a t i g r a p h i c  r e l a t i o n s h i p  in  t h e  Appalachians  and 
a t t r i b u t e d  i t  t o  an upward m ig r a t io n  o f  t h e  basa l  detachment  zone.
This  r e l a t i o n s h i p  w i l l  be d i s c u s s e d  in  more d e t a i l  in  t h e  D iscuss ion  
s e c t i o n  o f  t h i s  r e p o r t .
F i e ld  ev idence  s u g g e s t s  t h a t  s t a c k in g  o f  t h e  s t r u c t u r a l  s h e e t s  o f  
Onverwacht and Fig Tree  rocks  o ccu r red  dur ing  d e p o s i t i o n  o f  t h e  upper 
p a r t  o f  the  Fig Tree Group. Conglomerate in  t h e  upper Fig Tree 
c o n ta i n s  d i s t i n c t i v e  c l a s t s  t h a t  can be i d e n t i f i e d  as  being d e r iv e d  
from lower Fig Tree ro c k s .  A lso ,  many s t r a t i f o r m  f a u l t s  in  t h e  Fig 
Tree have se rved  as  l o c i  f o r  t h e  i n t r u s i o n  o f  hypabyssal  d a c i t i c  rocks  
(Lowe e t  a l . ,  1985).  These i n t r u s i v e  rocks  appea r  t o  be co-magmatic 
w i th  e x t r u s i v e  d a c i t i c  rocks  in  t h e  upper Fig Tree Group.
Conglomerates a t  t h e  top  o f  t h e  Fig Tree Group c o n ta i n  c l a s t s  o f  t h i s  
d a c i t e ,  which s u g g e s t s  t h a t  f a u l t i n g  and u p l i f t  accompanied volcanism 
and i n t r u s i o n  du r in g  l a t e  Fig Tree t ime (Lowe e t  a l . ,  1985).  The 
s t r u c t u r a l  e v o l u t i o n  o f  t h e  s tudy  a rea  w i l l  be d i s c u s s e d  in  more d e t a i l  
in  t h e  f i n a l  s e c t i o n  o f  t h i s  r e p o r t .
More modern t h r u s t  s h e e t s  f a l l  i n t o  one o f  two c a t e g o r i e s  (Hatcher  
and W i l l iam s ,  1986): c r y s t a l l i n e  t h r u s t  s h e e t s ,  which t r a n s p o r t
metamorphic a n d /o r  igneous rocks and which have r e l a t i v e l y  deep basal  
de tachm ents ;  and t h i n - s k i n n e d  f o r e l a n d  t h r u s t s ,  which possess  
p r o p e r t i e s  s i m i l a r  t o  t h o s e  o f  c r y s t a l l i n e  t h r u s t  s h e e t s  bu t  a re  
p r o p o r t i o n a t e l y  t h i n n e r  and s m a l l e r .  T h in -sk inned  f o r e l a n d  t h r u s t
s h e e t s  more c l o s e l y  re semble  t h e  t h r u s t  s h e e t s  seen in  th e  Barber ton  
Greens tone  B e l t .  One major d i f f e r e n c e  i s  t h e  ve ry  t h i n  n a tu re  o f  the  
t h r u s t  o f  th e  Barber ton  Greens tone  B e l t .  Thickness  i s  c o n t r o l l e d  by 
dep th  to  basa l  detachment  which depends in  p a r t  upon l i t h o l o g y  and 
geothermal  g r a d i e n t  (H a tcher  and W i l l iam s ,  1986).  The uniqueness  o f  
k o m a t i i t e s  and o f  t h e  Archean geothermal g r a d i e n t  may be f a c t o r s  in  
t h i s  d i f f e r e n c e  between s t y l e s  o f  t h r u s t i n g .
PETROGRAPHY
P e t ro g r a p h ic  s tu d y  o f  sands tones  from th e  Fig Tree Group shows 
t h a t  a l l  framework g r a i n s  e x ce p t  megaquartz  have been a l t e r e d  by e a r l y  
s i  1i c i f i c a t i o n  and low-grade metamorphism. V o lcan ic - rock  f ragm en ts ,  
s ed im en ta ry - ro ck  f r ag m e n ts ,  and n o n -q u a r tz o se  monomineralic  g r a i n s  a re  
now composed o f  a mosaic o f  g r a n u l a r  m i c r o c r y s t a l l i n e  q u a r t z  and 
p h y l l o s i l i c a t e  m in e r a l s .
D e t r i t a l  framework modes o f  s ands tone  s u i t e s  have had wide 
a p p l i c a t i o n  in  i n t e r p r e t i n g  provenance and t e c t o n i c  s e t t i n g  (D ick inson ,  
1970; Graham e t  a l . ,  1976; Dickinson and Suczek, 1979; Dickinson and 
V a l l o n i ,  1980).  These sands tone  s u i t e s  a re  q u a r t z o s e  and co n ta in  
m easurable  amounts o f  f e l d s p a r .  The QFL p l o t s  used by Dickinson and 
Suczek (1979) and in o t h e r  s i m i l a r  s t u d i e s  do no t  lend  themselves  to  
i n t e r p r e t a t i o n  o f  sands tones  o f  th e  Fig Tree Group. Table  2 shows 
modal a n a l y s i s  d a ta  f o r  12 samples o f  Fig Tree  sands tones  and i t  can be 
seen t h a t  c h e r t  g r a i n s  comprise  an average  o f  over  80% o f  the  
f ramework-gra in  p o p u l a t i o n .  Quartz  i s  th e  o t h e r  dominant g ra in  t y p e ,  
w i th  p o l y c r y s t a l  1ine  and m o n o c r y s t a l l i n e  types  t o g e t h e r  making up an 
average  o f  13% o f  t h e  f ramework-gra in  p o p u la t i o n .
The d i f f i c u l t i e s  o f  u t i l i z i n g  the  d e t r i t a l  framework modes to  
i n t e r p r e t  Fig Tree  sands tones  a re  s e v e r a l f o l d :  1) t h e  combination o f
d e t r i t a l  c h e r t  g r a i n s  undergoing both s i l i c a  cementa t ion  and f u r t h e r  
s i l i c i f i c a t i o n  r e s u l t s  in sands tones  composed a lmost  e n t i r e l y  o f  c h e r t .  
Grain boundar ies  a r e  sometimes t o t a l l y  ob scu red ,  making p o i n t  count 
d a ta  u n r e l i a b l e ;  2) c h e r t  g r a in s  commonly c o n ta i n  va ry ing  amounts o f  
p h y l l o s i l i c a t e  m i n e r a l s ,  u s u a l l y  s e r i c i t e ,  in abundances ranging from
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Table  2. Summary o f  p o i n t  coun t  d a ta  f o r  s e l e c t e d  s i l i c i f i e d  
s an d s to n e s .  Qm = m o n o c r y s t a l l i n e  q u a r t z ;  Qp = p o l y c r y s t a l l i n e  
q u a r t z ;  GMC a = c h e r t  g r a i n s  w i th  l e s s  than  10% in te rgrown 
p h y l l o s i l i c a t e ;  GMC b = c h e r t  g r a i n s  w i th  g r e a t e r  than  10% 
in te rgrown p h y l l o s i l i c a t e .
Sample 
No. Qm QP GMC <i GMC b
Black
Cher t C h l o r i t e O r th o c la se
37-1 4 .9 3 .0 30 .7 61.4 - - -
37-2 7 .8 2 .6 4 8 .4 40.3 - 1.0 -
37-3 5 .5 1.3 32 .0 50.5 - 10.7 -
37-5 10.0 9 .7 52.0 28.0 * - -
37-9 9 .3 6 .6 58.7 22.7 2 .3 - -
37-10 8 .7 8 .7 44 .7 35.3 2 .7 - -
37-12 7 .3 8 .0 41 .0 37.7 4 .0 - -
37-14 8 .0 4 .2 48.2 39.3 - - -
36-14 8 .2 6 .8 46 .5 3 .1 2 .3 3 3 . 1§ -
2-1A 5.7 2 .7 33.6 57.9 - - -
2-4 6 .7 5 .8 34 .8 52.7 - - -
24-2 7 .2 3 .8 64.7 17.1 6 .5 - -
X 7 .5 5 .4 44.6 37.2 1.5 3 .7 -
*  _ t r a c e  amount, l e s s than 1%
§ - a l t e r e d u l t r a m a f i c g r a i n s
t r a c e  amounts to  over  50% o f  th e  g r a i n .  Cher ts  o f  known v o l c a n i c l a s t i c  
o r i g i n  u s u a l l y  c o n ta i n  s e r i c i t e ,  so s e r i c i t e - r i c h  c h e r t  g r a i n s  a re  
i n t e r p r e t e d  as r e p r e s e n t i n g  e ro d ed ,  s i l i c i f i e d  f i n e - g r a i n e d  
v o l c a n i c l a s t i c  d e b r i s .  An a r b i t r a r y  c u t - o f f  o f  10% s e r i c i t e  was chosen 
to  d i v id e  t h e  c h e r t  g r a i n s  f o r  modal a n a l y s i s ,  w i th  th o se  having >10% 
s e r i c i t e  being c l a s s i f i e d  as  v o l c a n i c l a s t i c  l i t h i c  f r agm en ts .  The 
accuracy  o f  t h i s  i s  q u e s t i o n a b l e  because o b s e r v a t io n  o f  c h e r t s  o f  known 
v o l c a n i c l a s t i c  o r i g i n  show some to  co n ta in  j u s t  t r a c e  amounts o f  
s e r i c i t e .  I t  i s  a l s o  q u e s t i o n a b l e  because some s e r i c i t e - r i c h  g r a in s  
may be a l t e r e d ,  s i l i c i f i e d  f e l d s p a r s .  However, f e l d s p a r s  a re  r u le d  out 
on the  b a s i s  o f  th e  g re e n s to n e  b e l t  provenance as shown geochemica l ly  
and by conglomerate  c l a s t  s t u d i e s ;  3) p l o t s  o f  QFL and QmFLt (F ig .  5) 
f o r  th e  d a ta  o f  Table  2 f a l l  a long the  l i n e  j o i n i n g  q u a r t z  and l i t h i c  
f r agm en ts .  These p l o t s  f a l l  i n t o  th e  " re c y c le d  orogen" provenance 
(Dickinson and Suczek, 1979),  which i s  d e f in ed  as  deformed and u p l i f t e d  
s t r a t a l  sequences  in subduc t ion  zones ,  a long c o l l i s i o n  o rogens ,  o r  
w i th in  f o r e l a n d  f o l d - t h r u s t  b e l t s .  I t  i s  no t  known however i f  t h e se  
s p e c i f i c  p l a t e - t e c t o n i c  s e t t i n g s  e x i s t e d  in  th e  Archean. The unique 
t e c t o n i c - s e d i m e n t a r y  n a tu r e  o f  g re e n s to n e  b e l t s ,  th e  high degree  o f  
s i l i c i f i c a t i o n ,  and the  u n c e r t a i n t y  t h a t  P h a n e r o z o i c - s t y l e  p l a t e  
t e c t o n i c s  can be a p p l i e d  t o  Precambrian t e r r a n e s ,  rende r  d e t r i t a l  
framework modes u n r e l i a b l e .
While g r a in  composi t ion  has been obscured by a l t e r a t i o n ,  g r a in  
t e x t u r e s  a r e  remarkably  p re s e r v e d .  This p r e s e r v a t i o n  a l lows  f o r  th e  
i d e n t i f i c a t i o n  o f  m ic rophenocrys ts  based on c r y s t a l  morphology and the  
r e c o g n i t i o n  o f  im por tan t  g r a i n - t y p e s  such as v o l c a n i c  shards  and 
pumiceous g r a i n s .  These f e a t u r e s  a r e  p r e s e n t  mostly  in L i t h o f a c i e s  A^.
Qm
F
Fig .  5. QFL and QmFLt p l o t s  f o r  medium g r a i n - s i z e d  s a n d s to n e s  o f  
t h e  Fig Tree  Group. Q = m o n o c r y s t a l l i n e  and p o l y c r y s t a l l i n e  q u a r t z  
g r a i n s ;  Qm= m o n o c r y s t a l l i n e  q u a r t z ;  F= t o t a l  f e l d s p a r ;  L= v o lc a n i c  
and a p h a n i t i c  sed im en ta ry  rock  f r a g m e n ts ;  Lt= p o l y c r y s t a l l i n e  
q u a r t z o s e  g r a i n s  + L t .  See Graham e t  a l . (1976) f o r  d e t a i l e d  
d i s c u s s i o n  o f  t h e s e  g r a i n  p a ra m e te r s .
The bulk o f  th e  sands tones  (Formation B) a r e  made up o f  g r a i n s  o f  f i n e ­
g ra in ed  c h e r t  and c h e r t - s e r i c i t e  m osa ics .  These g r a i n s  were a p p a r e n t ly  
a l r e a d y  c h e r t  when they  were d e p o s i t e d ,  and c o n ta i n  no remnant t e x t u r a l  
f e a t u r e s  t h a t  a r e  u se fu l  in  de te rm in in g  th e  o r i g i n a l  m inera logy .
P o in t  coun ts  were done on s e l e c t e d  medium g r a i n - s i z e d  sands tones  
in  o r d e r  to  e s t a b l i s h  q u a n t i t a t i v e l y  t h e  d i s t r i b u t i o n  o f  framework 
g r a in s  and a l s o  t o  document abundances o f  g r a i n  types  which do p rov ide  
s p e c i f i c  in fo rm a t io n  on sou rce  a r e a  bu t  which a r e  no t  g r a i n  types  which 
f a l l  i n t o  t h e  c a t e g o r i e s  o f  Dickinson and Suczek (1979) (Table  2 ) .  
D e t r i t a l  megaquartz  g r a i n s  make up an average  o f  13% o f  th e  
framework-gra in  p o p u la t i o n .  Cher t  i s  t h e  most abundant g r a i n  t y p e ,  and 
has been subd iv ided  i n t o  two groups based on th e  e s t i m a te d  amount o f  
in te rgrown p h y l l o s i l i c a t e  m i n e r a l .  This  pa ram e te r  was chosen to  
p o s s i b l y  i d e n t i f y  g r a i n s  o f  v o lc a n ic  o r i g i n ,  bu t  as  p r e v io u s ly  
d i s c u s s e d ,  t h e  accu racy  o f  t h i s  i s  u n c e r t a i n .  Three d i f f e r e n t  g r a in  
types  p rov ide  u se fu l  provenance in f o r m a t io n .  Volcanic  q u a r t z  g r a in s  
a re  i d e n t i f i e d  by t h e  p resence  o f  s t r a i g h t  edges and r e s o r p t i o n  
embayments (F ig .  6 ) .  B l a c k - c h e r t  g r a i n s  a r e  e a s i l y  i d e n t i f i e d ,  and 
i n d i c a t e  a sou rce  from u p l i f t e d  g r e e n s t o n e - b e l t  t e r r a n e .  Cher t  g r a in s  
w i th  high amounts o f  in te rgrown c h l o r i t e  p robab ly  r e p r e s e n t  a l t e r e d ,  
s i l i c i f i e d  mafic  o r  u l t r a m a f i c  r o c k ,  and a l s o  a r e  d e r iv e d  from u p l i f t e d  
p o r t i o n s  o f  th e  g re e n s to n e  b e l t .  While modal a n a l y s i s  o f  s i l i c i f i e d  
sands tones  o f  t h e  Fig Tree Group o f  t h i s  s tu d y  cannot  p rov ide  
in fo rm a t io n  with  rega rd  to  p l a t e - t e c t o n i c  s e t t i n g ,  i t  does i n d i c a t e  
t h a t  t h e s e  sands tones  appea r  t o  be d e r iv e d  from u n de r ly ing  
g r e e n s t o n e - b e l t  rocks  r a t h e r  than  e x t r a b a s i n a l  t e r r a n e s .
Fig.  6. Photomicrograph o f  v o lc a n i c  q u a r t z  in  san d s to n e  o f  
L i t h o f a c i e s  B2 . P o la r i z e d  l i g h t .  Sample 36-7 .
LITHOFACIES AND ENVIRONMENTS OF DEPOSITION
The Fig Tree  Group in  t h e  s tudy  a rea  has been d iv id e d  i n t o  t h r e e  
informal 1i t h o s t r a t i g r a p h i c  u n i t s  or  fo rm at ions  (A,B,C) and n ine  
l i t h o f a c i e s  C ) (Table  1 ) .  The fo rm at ions  in c lu d e  a
lower s e c t i o n  o f  c h e r t y  s ed im en ta ry  rocks  (A),  a middle  d i v i s i o n  o f  
s i l t -  t o  s a n d - s i z e d  d e t r i t a l  u n i t s  in c lu d in g  a t h i n  bedded b a r i t e  zone 
(B) ,  and an upper sequence o f  c o a r se  conglomerate  and b r e c c i a  (C).  Two 
types  o f  i n t r u s i v e  rock occur  w i th in  th e  Fig Tree in the  s tudy  a r e a :  
d ia b ase  d ikes  having a NW-SE o r i e n t a t i o n ,  and d a c i t e  ( P l a t e  I ) .
Formation A
Two l i t h o f a c i e s  make up Formation A, which has a th i c k n e s s  o f  up 
to  40 m (F ig .  7 ) .  These a r e :  Â  -  b l a c k ,  carbonaceous  c h e r t  and
banded b lack  and w h i te  c h e r t ,  and; k^  -  d i s co n t in u o u s  pods o f  
s i l i c i f i e d ,  v o l c a n i c l a s t i c  ash and l a p i l l i .  Immediately beneath  the  
b lack  c h e r t  o f  L i t h o f a c i e s  A  ̂ i s  a u n i t  o f  s i l i c i f i e d  v o lc a n ic  d u s t ,  
ash  and a c c r e t i o n a r y  l a p i l l i  named th e  Msauli Cher t  by S t a n i s t r e e t  e t  
a l . (1981) (F ig .  7 ) .  This u n i t  has been d e s c r ib e d  in d e t a i l  by Lowe 
and Knauth (1978) ,  S t a n i s t r e e t  e t  a l . (1981) ,  and H e in r ichs  (1984) .  
There remains some c o n t r o v e r s y  as to  t h e  d e p o s i t i o n a l  environment o f  
t h e  Msauli C h er t .  S t a n i s t r e e t  e t  a l . (1981) and H e in r ichs  (1984) 
i n t e r p r e t e d  the  normally  graded beds o f  a c c r e t i o n a r y  l a p i l l i  to  
r e p r e s e n t  t u r b i d i t e s  d e p o s i t e d  in deep w a te r .  Lowe and Knauth (1978) 
sugges ted  t h a t  t h e se  d e p o s i t s  r e p r e s e n t  a i r f a l l  p y r o c l a s t i c  d e b r i s  
which accumulated in  a sha l low  subaqueous environment c h a r a c t e r i z e d  by 





Ferrug inous  s i l t s t o n e s  and f i n e ­
g ra in e d  s a n d s to n e s .  L i t h o f a c i e s
upper
Kromberg Fm.
Green c h e r t  (A2 ) .  Pods o f  
s i l i c i f i e d  v o l c a n i c l a s t i c  d e b r i s ,
B lack/banded c h e r t  ( )
Msauli Cher t
F ig .  7. Basal c h e r t  ( A ) o f  th e  Fig Tree Group. All s ed im en ta ry
u n i t s  and beds a re  i d e a l i z e d  and d iag ram m at ic .  L i t h o f a c i e s  
d e s i g n a t i o n s  in  p a r e n t h e s e s .
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L i t h o f a c i e s  - Black and Banded Cher t
This l i t h o f a c i e s  v a r i e s  from 20 to  40 m in  t h i c k n e s s .  L i t h o f a c i e s  
Aj i s  a complex a s s o c i a t i o n  o f  m ic r o f a c i e s  in c lu d in g  l a y e r s  o f  
s t r u c t u r e l e s s ,  carbonaceous c h e r t ;  lam ina ted  carbonaceous  c h e r t ;  
s i l i c i f i e d ,  c u r r e n t - d e p o s i t e d  d e t r i t u s ;  t r a n s l u c e n t  c h e r t ;  and 
fe r ru g in o u s  c h e r t .
D e sc r ip t io n  and Composi t ion. Black carbonaceous c h e r t  forms beds 
ranging  from 2 cm to  2 m in  th i c k n e s s  and i s  t h e  most abundant rock 
type  in  L i t h o f a c i e s  A^, compris ing  an average  o f  between 40 and 60% o f  
most s t r a t i g r a p h i c  s e c t i o n s .  Thinner  l a y e r s  (<10 cm) a r e  commonly 
in te rbedded  with  o t h e r  c h e r t  types  in  t h i s  l i t h o f a c i e s .
Carbonaceous m a t t e r  occu rs  as i r r e g u l a r  and rounded,  s an d - s i z e d  
clumps; f i n e ,  d i s se m in a te d  g r a i n s ;  i r r e g u l a r  s t r e a k s  and p a t c h e s ;  and 
l e s s  commonly, f i n e  l a m i n a t i o n s .  Throughout th e  b lack  and d a rk -g ra y  
c h e r t  u n i t s  the  q u a n t i t y ,  sh ap e ,  and s t r u c t u r e  o f  carbonaceous m a t t e r  
changes v e r t i c a l l y  on a s c a l e  o f  m i l l i m e t e r s .  Cross l a m in a t io n  occurs  
l o c a l l y  bu t  i s  s u b o rd in a te  to  f l a t  l a m in a t io n .  Rhombic c a r b o n a te ,  
probably  do lom ite  o r  a n k e r i t e ,  p y r i t e ,  h e m a t i t e ,  and s i l t - s i z e d  g ra in s  
o f  q u a r t z  and c h e r t  a r e  p r e s e n t  in t r a c e  amounts,  and th e  rock i s  
cemented w i th  m ic ro q u a r t z .  S i l i c a  a l s o  occurs  as s t r a t i f o r m  and c r o s s ­
c u t t i n g  ve ins  o f  q u a r t z  which l o c a l l y  a t t a i n  a width  o f  up to  10 
c e n t i m e t e r s .
C u r r e n t - d e p o s i t e d  d e t r i t a l  l a y e r s  make up l e s s  than 15% o f  
L i t h o f a c i e s  A1 and range from 5 to  50 cm in  t h i c k n e s s .  They c o n s i s t  o f  
m odera te ly  s o r t e d ,  f i n e -  t o  medium-grained sands tone  composed o f  g r a i n s  
o f  r e l a t i v e l y  pure w h i te  and gray  c h e r t ,  g r a in s  o f  c h e r t  c o n ta i n in g
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s e r i c i t e  and c h l o r i t e ,  v o l c a n i c l a s t i c  g r a i n s ,  and fragments  o f  b lack  
c h e r t .  D e t r i t a l  m o n o c ry s ta l in e  q u a r t z  makes up l e s s  than  10 p e rc e n t  o f  
th e se  u n i t s .  Most o f  t h e s e  d e t r i t a l  l a y e r s  a r e  e i t h e r  s t r u c t u r e l e s s  or  
normally  g raded .  F l a t  l a m in a t io n ,  when p r e s e n t ,  u s u a l l y  o v e r l i e s  a 
normally  graded u n i t ,  This  f a c i e s  a l s o  in c lu d e s  a t  l e a s t  two t h i n  (<50 
cm), d i s c o n t in u o u s  beds o f  a c c r e t i o n a r y  l a p i l l i .  Two types  o f  c h e r t - 
c l a s t  b r e c c i a s ,  in  u n i t s  5 to  40 cm t h i c k ,  occur  in  L i t h o f a c i e s  A^: 
one i s  an i n t r a f o r m a t i o n a l  b r e c c i a  composed o f  p l a t e s  o f  w h i te  c h e r t  in  
a b l a c k - c h e r t  m a t r i x ,  and th e  o t h e r  i s  made up o f  w h i t e - c h e r t  c l a s t s  in 
a sandy m a t r ix .  Each o f  t h e s e  b r e c c i a - t y p e s  makes up no more than  10% 
o f  L i t h o f a c i e s  A^. The b l a c k - c h e r t - m a t r i x  b r e c c i a s  u s u a l l y  c o n ta in  
w hi te  c h e r t  p l a t e s  o f  subequal s i z e ,  averag ing  about  1 cm in  t h i c k n e s s  
and up t o  15 cm in  l e n g t h .  The s and -m a t r ix  b r e c c i a s  a re  l e s s  well 
s o r t e d  r e g a rd in g  c h e r t - p l a t e  s i z e ,  w i th  maximum th i c k n e s s e s  and l e n g th s  
o f  2 cm and 30 cm r e s p e c t i v e l y .  The s m a l l e s t  c h e r t - p l a t e  c l a s t s  have 
dimensions on a m i l l i m e t e r  s c a l e .  There i s  a complete  spectrum o f  
c l a s t  s i z e s  p r e s e n t  between t h e s e  two ex t rem es .
T r a n s lu c e n t  c h e r t  occurs  as bands 1 to  5 cm t h i c k  and makes up 
between 10% and 20 % o f  L i t h o f a c i e s  A^. W h i te -ch e r t  bands a re  
s e p a r a t e d  by very  t h i n  b l a c k - c h e r t  l a m in a t io n s .  No pr imary sed im entary  
s t r u c t u r e s  a r e  p r e s e n t ,  bu t  some l a y e r s  show t h i n ,  d i s co n t in u o u s  
s t r e a k s .  No admixed sedim ent i s  p r e s e n t  and p e t r o g r a p h i c a l l y  the  
t r a n s l u c e n t  c h e r t  bands a r e  composed o f  f i n e - g r a i n e d  m ic ro q u a r t z .
Layers o f  f e r r u g i n o u s  c h e r t  occur  as t h i n  bands av erag ing  2-3 cm 
in  th i c k n e s s  and make up 10% to  20% o f  L i t h o f a c i e s  A^. Many l a y e r s  
c o n ta in  f i n e ,  even l a m in a t io n s .  Obvious d e t r i t a l  t e x t u r e s  a re  obscured 
by s i l i c i f i c a t i o n  and p ro d u c t io n  o f  h e m a t i t e .  In t h i n  s e c t i o n  t h i s
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rock i s  p redom inan t ly  a mozaic o f  m ic ro q u a r tz  and h e m a t i t e .  Carbonate  
rhombohedra o f  secondary  o r i g i n  a r e  l o c a l l y  abundant bu t  u s u a l l y  occur  
in minor amounts.
S e d im e n ta t io n . The rocks  o f  L i t h o f a c i e s  Aj r e p r e s e n t  t h r e e  main 
pr imary  sedim ent t y p e s :  1) carbonaceous  m a t t e r ,  now a l t e r e d  to  c h e r t ;
2) n o n - t e r r ig e n o u s  sedim ent o f  p robab le  o r thochemical  o r i g i n ,  and; 3) 
t e r r i g e n o u s  and v o l c a n i c l a s t i c  s i l t - ,  s a n d - ,  and g r a n u l e - s i z e d  c l a s t i c  
d e t r i t u s .
Carbonaceous c h e r t  shows no ev idence  o f  h ig h -en e rg y  d e p o s i t i o n .  
F l a t -  and s l i g h t l y  wavy- lam ina t ion  i s  p r e s e n t  in  30-60% o f  th e  b lack  
c h e r t  in  a g iven  s t r a t i g r a p h i c  s e c t i o n ,  t h e  remainder  being 
s t r u c t u r e l e s s .  Cross l am in a t io n  and scou r  a r e  r a r e ,  s u g g e s t in g  t h a t  
t h e  l am in a t io n s  a r e  no t  o f  h i g h - v e l o c i t y  o r i g i n .  Low-energy 
s ed im en ta t io n  i s  a l s o  sugges ted  by th e  d rap ing  o f  l a m in a t io n s  over  
i r r e g u l a r  s u r f a c e s .  The p r e c u r s o r  to  th e  carbonaceous c h e r t  appears  to  
have behaved as s o f t ,  deformable  sedim ent a f t e r  d e p o s i t i o n ,  as  shown by 
d ikes  o f  b lack  c h e r t  t h a t  d i s r u p t  and b r e c c i a t e  su r round ing  l a y e r s  and 
by th e  common p resence  o f  l o a d - f e a t u r e s .
The w h i t e - w e a th e r in g ,  t r a n s l u c e n t  c h e r t ,  because  o f  i t s  
com pos i t iona l  p u r i t y  and lack  o f  sed im enta ry  s t r u c t u r e s  and d e t r i t a l  
t e x t u r e s ,  p robab ly  o r i g i n a t e d  as e i t h e r  primary p r e c i p i t a t e d  s i l i c a  o r  
as f i n e - g r a i n e d  chemical s ed im en t ,  such as  c a r b o n a t e ,  t h a t  has s in c e  
been s i l i c i f i e d .  Th in ,  w h i t e - c h e r t  l a y e r s  show evidence  o f  b r i t t l e  
b ehav io r  in  th e  form o f  i n t r a f o r m a t i o n a l  b r e c c i a s ,  s u g g e s t in g  t h a t  
l i t h i f i c a t i o n  and s ed im en ta t io n  were penecontemporaneous (F ig .  8 ) .
Fig .  8.  I n t r a f o r m a t i o n a l , w h i t e - c h e r t - c l a s t  b r e c c i a .  
L i t h o f a c i e s  Ai.  The w h i t e - c h e r t  p r e c u r s o r  appea rs  t o  have 
behaved in a b r i t t l e  manner r e l a t i v e  to  t h e  b l a c k - c h e r t  
p r e c u r s o r .
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C l a s t i c  d e t r i t a l  beds r e p r e s e n t  p e r io d s  o f  l o c a l l y  h ig h e r  energy 
c o n d i t i o n s  when d e b r i s  was t r a n s p o r t e d  and d e p o s i t e d  by c u r r e n t s ,  and 
a l s o  p e r io d s  o f  lower-energy  supens ion  s e d im e n ta t i o n .  Depos i t ion  by 
sediment g r a v i t y  flow i s  sugges ted  by th e  p resence  o f  normal ly  graded 
o r  mass ive sands tone  beds which l o c a l l y  have f l a t  l a m in a t io n  a t  th e  
t o p ,  a sequence which resembles  th e  Ta and Tb d i v i s i o n s  o f  th e  Bouma 
t u r b i d i t e  sequence.  These beds a r e  t h i n  (5 to  20 cm) and sandwiched 
between b lack  o r  banded c h e r t  l a y e r s ,  and thus  r e p r e s e n t  a b r i e f  i n f l u x  
o f  sediment which i n t e r r u p t e d  th e  o th e rw ise  q u i e t  c o n d i t i o n s  of  
d e p o s i t i o n  t h a t  p r e v a i l e d .  The lam ina ted  f e r r u g i n o u s  c h e r t  shows no 
ev idence  o f  c u r r e n t  d e p o s i t i o n .  O r ig in a l  g r a in  s i z e  i s  d i f f i c u l t  t o  
de te rm ine  because o f  secondary  a l t e r a t i o n  bu t  t h e  p re sence  only  of  
f i n e ,  even l am in a t io n s  s u g g es t s  t h a t  d e p o s i t i o n  was from 
su sp e n s io n - se d im e n ta t io n  o f  s i l t - s i z e d  and f i n e r  sed im ent .
Rocks o f  L i t h o f a c i e s  A^ formed in  a low-energy environment s u b j e c t  
to  d i s co n t in u o u s  c u r r e n t  a c t i v i t y ,  w i th  p e r io d s  o f  h igh -ene rgy  
r e f l e c t e d  by the  p resence  o f  c o a r s e r  d e t r i t a l  u n i t s .  The o v e r a l l  low 
energy i s  r e f l e c t e d  by th e  abundance o f  f i n e - g r a i n e d  sed im en t ,  the  
evenness  and f i n e n e s s  o f  l a m i n a t i o n s ,  th e  p re sence  o f  d rapes  o f  
f i n e - g r a i n e d  sediment over  c o a r s e r  g ra in e d  b eds ,  and the  p a u c i t y  o f  
c u r r e n t - g e n e r a t e d  s t r u c t u r e s  and sco u r .
L i t h o f a c i e s  A2 - S i l i c i f i e d  V o l c a n i c l a s t i c  Sandstone
D e sc r ip t io n  and Composi t ion . This  f a c i e s  occurs  as 2 to  4 m th i c k  
d i s co n t in u o u s  len se s  o f  s i l i c i f i e d  v o l c a n i c l a s t i c  d e b r i s .  These l e n se s  
a r e  20 t o  100 m in  l en g th  and a r e  in t e rb e d d ed  w i th  L i t h o f a c i e s  A  ̂ (F ig .
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7 ) .  The base  o f  L i t h o f a c i e s  l o c a l l y  shows s m a l l - s c a l e  scour  i n t o  
u n d e r ly in g ,  lamina ted  b lack  c h e r t ,  bu t  more commonly the  basa l  c o n t a c t  
i s  sharp  and shows no ev idence  o f  e r o s io n .
S i l t s t o n e  to  medium-grained sands tone  forms 50 to  60% o f  
L i t h o f a c i e s  the  remainder  being very  c o a r s e - g r a i n e d  sands tone  to  
g ra n u le  cong lom era te ,  w i th  loca l  o ccu r rences  o f  pebble  conglomerate .  
P e t r o g r a p h i c a l l y , rocks  o f  t h i s  l i t h o f a c i e s  a r e  composed o f  m ic roqua r tz  
w i th  small  amounts (<5%) o f  s e r i c i t e ,  c h l o r i t e ,  and i ro n  o x id e .  The 
v o l c a n i c l a s t i c  n a tu r e  o f  th e  sedim ent i s  shown by th e  fo l low ing  
f e a t u r e s :  1) v o lc a n ic  g r a i n  t e x t u r e s  a r e  p re se rv ed  as s i l i c a
pseudomorphs a f t e r  f e l d s p a r  (F ig .  9 a ) ;  2) c h e r t  pseudomorphs o f  
v o lc a n ic  shards  a r e  p r e s e n t  (F ig .  9b) and; 3) v o l c a n i c  a c c r e t i o n a r y  
l a p i l l i  a r e  p r e s e n t .
Cross l a m in a t io n ,  f l a s e r  bedding , and wavy bedding a l l  o c c u r ,  but 
a r e  g r e a t l y  su b o rd in a te  amounts to  f l a t - 1  ami n a t io n  in  t h e  f i n e r - g r a i n e d  
p o r t i o n s  o f  L i t h o f a c i e s  A^. These f i n e r - g r a i n e d  u n i t s  g e n e r a l l y  occur  
on top  o f  c o a r s e r - g r a i n e d  beds which a r e  e i t h e r  m ass ive ,  o r  more 
commonly, c r o s s  s t r a t i f i e d ,  thus  forming f in ing -upw ard  c y c l e s  rang ing  
from 20 to  80 cm in  t h i c k n e s s  (F ig .  10) .
An i n t r a f o r m a t i o n a l  conglomerate  commonly caps L i t h o f a c i e s  Ag. 
Units  o f  t h i s  conglomera te  r a r e l y  exceed 1 m in  th i c k n e s s  and 50 m in 
s t r i k e  w id th .  C l a s t s  a re  composed o f  s i l t -  and s a n d - s i z e d  sedim ent and 
t h e r e  i s  a complete spectrum o f  c l a s t  s i z e s  from le n g th s  o f  l e s s  than  1 
cm to  over  20 cm. The c l a s t s  a re  p la t e - s h a p e d  and commonly a r e  
i m b r ic a te d .  Pore spaces  a r e  f i l l e d  w i th  c l e a r  s i l i c a  or  l e s s  commonly 
b lack  c h e r t .  Geopetal f e a t u r e s  a re  common and a re  recogn ized  by e i t h e r
Fig .  9a. M icrophenocrys t ic  ash g r a i n  in  rock o f  L i t h o f a c i e s  A2  
showing pseudomorphs a f t e r  a s i l i c a t e  m ic ro p h e n o c ry s t ,  p o s s i b l y  
f e l d s p a r .  Sample 8 -3 .  Plane l i g h t .
F ig .  9b. R e l i c t  v o l c a n i c  shard  in L i t h o f a c i e s  A2 . P lane l i g h t .  
Sample SAF 142-25 (from c o l l e c t i o n  o f  D.R. Lowe).
m eters
I n t r a f o r m a t i o n a l  conglom era te
F l a s e r  and wavy bedding 
D isco n t in u o u s  zone o f  c l im bing  r i p p l e s
Form s e t s
S i n g l e  l a y e r  o f  a c c r e t i o n a r y  l a p i l l i  
C ro s s - l a m i n a t e d  ash
C r o s s - s t r a t i f i e d  l a p i l l i
F l a t - l a m i n a t e d  ash  c o n t a i n i n g  s p a r s e l y  
d i s p e r s e d  l a r g e r  g r a i n s
D is co n t in u o u s  bed o f  graded  a c c r e t i o n a r y  
p e b b l e  1a? 1 1 1 i -
sand
F ig .  1 0 .  S t r a t i g r a p h i c  column o f  t h e  g r e e n ,  v o l c a n i c l a s t i c  
c h e r t  ( L i t h o f a c i e s  Ap).  Note c o a r s e - t o - f i n e  c y c l e s  (1 -3 )  o f  
ash and l a p i l l i ,  and o v e r a l l  f in in g -u p w ard  t r e n d .  Top o f  
u n i t  i s  l o c a l l y  reworked to  form an i n t r a f o r m a t i o n a l  
co ng lom era te .  Measured S e c t io n  S-18 .
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f i n e - g r a i n e d  sedim ent t r a p p e d  above l a r g e  c l a s t s  o r  s i l i c a - f i l l e d  
c a v i t i e s  below l a r g e  c l a s t s .
S e d im e n ta t io n . Three c y c le s  o f  h ig h -  t o  low-energy d e p o s i t i o n  a re  
shown in  F ig .  10. These c y c l e s  begin w i th  c r o s s - s t r a t i f i e d  o r  graded 
l a p i l l i  and ash o v e r l a i n  by c r o s s - l a m i n a t e d  and f l a t - l a m i n a t e d  a sh .  An 
o v e r a l l  f in ing -upw ard  t r e n d  i s  shown by t h e  p re sen ce  o f  both f l a s e r  
bedding and fewer  c r o s s - s t r a t i f i e d ,  c o a r s e - g r a i n e d  l a y e r s  in  th e  upper 
p o r t i o n  o f  th e  sequence .  The i n t r a f o r m a t i o n a l  conglomerate  t h a t  caps 
p o r t i o n s  o f  L i t h o f a c i e s  A2 r e p r e s e n t s  an a b ru p t  in c r e a s e  in en e rg y ,  
perhaps  r e l a t e d  to  s to rm s .
Sediments o f  L i t h o f a c i e s  A2 were composed l a r g e l y  o f  l o c a l l y  
reworked p y r o c l a s t i c  d e b r i s .  They were d e p o s i t e d  dur ing  an i n t e r v a l  o f  
c u r r e n t  a c t i v i t y  a f t e r  which L i t h o f a c i e s  Al d e p o s i t i o n  resumed. The 
th i c k n e s s  o f  L i t h o f a c i e s  A2 s u g g es t s  t h a t  a s i n g l e ,  or  s e v e r a l ,  
c l o s e l y - s p a c e d  e r u p t i v e  e v e n t s  in t ro d u ce d  the  sedim ent i n t o  th e  
low-energy environment in which L i t h o f o c i e s  A^ was forming.  The graded 
bed o f  a c c r e t i o n a r y  l a p i l l i  shown a t  th e  base  o f  L i t h o f a c i e s  A2 in  Fig .  
10 i s  an unreworked a i r f a l l  d e p o s i t .  The r e s t  o f  th e  sequence shows 
ev idence  o f  c u r r e n t  a c t i v i t y .  The c y c l e s  a r e  r e p r e s e n t a t i v e  o f  s ev e ra l  
pe r io d s  o f  c u r r e n t  a c t i v i t y ,  each showing a d e c l i n e  in  energy .
A shal low s i t e  o f  d e p o s i t i o n  f o r  L i t h o f a c i e s  A2 i s  sugges ted  by 
lo c a l  reworking o f  t h e  top o f  th e  u n i t  to  form an i n t r a f o r m a t i o n a l  
cong lom era te ,  by th e  abundance o f  c u r r e n t - g e n e r a t e d  sed im entary  
s t r u c t u r e s ,  in c lu d in g  l a r g e - s c a l e  c ro s s  s t r a t i f i c a t i o n ,  c l imbing  
r i p p l e s ,  c ro s s  l a m in a t io n ,  and f l a s e r  bedd ing ,  and by th e  p re sence  o f  
a c c r e t i o n a r y  l a p i l l i .  While a c c r e t i o n a r y  l a p i l l i  may p o s s i b l y  s u rv iv e
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s e t t l i n g  through deep w a te r ,  they  a r e  more l i k e l y  t o  be p re se rv e d  under 
c o n d i t i o n s  o f  r a p id  b u r i a l  in a sh a l lo w ,  subaqueous environment (Moore 
and Peck, 1962; S i s s o n ,  1982).
D ep o s i t io n a l  Model -  Basal Cher t
The c h e r t s  o f  Formation A formed under e s s e n t i a l l y  anorogen ic  
c o n d i t i o n s .  L i t h o f a c i e s  i s  composed o f  s i i g h t l y - r e w o r k e d ,  
p y r o c l a s t i c  d e b r i s  which accumula ted du r in g  a p e r io d  o f  nearby  v o lc an ic  
a c t i v i t y .  The banded and b lack  c h e r t  o f  L i t h o f a c i e s  formed dur ing  
p e r io d s  o f  v o lc a n ic  q u ie sc e n ce  and o v e r a l l  low energy  c o n d i t i o n s .
The Msauli Cher t  was d e p o s i t e d  on the  v o lc an ic  e d i f i c e  o f  th e  
Kromberg Format ion.  Evidence i n d i c a t e s  t h a t  w a te r  depth  was shallow 
and c u r r e n t  a c t i v i t y  i n t e r m i t t e n t .  The o n s e t  o f  A^ d e p o s i t i o n  shows no 
ev idence  f o r  d ram at ic  deepening o f  th e  b a s in .  S t r o m a t o l i t e s  have been 
found w i th in  the  basa l  c h e r t  in  s t r u c t u r a l  zone 2 (Byer ly  e t  a l . ,
1986).  I f  th e  microorganisms t h a t  formed th e  s t r o m a t o l i t e s  were 
p h o t o s y n t h e t i c  t h i s  would l i m i t  th e  depth  o f  s t r o m a t o l i t e  fo rm at ion  to  
t h e  p h o t i c  zone (W a l te r ,  1976).  The b lack  carbonaceous c h e r t s  o f  Aj 
a r e  s i m i l a r  to  b lack  c h e r t s  from th e  Hooggenoeg and Kromberg Formations 
which c o n ta in  f i l am en to u s  m i c r o - f o s s i l s  (Walsh and Lowe, 1985),  and may 
be a p roduc t  o f  b io g en ic  p r o c e s s e s .
L i t h o f a c i e s  k ^  c o n t a i n s  f e a t u r e s  i n d i c a t i v e  o f  r e l a t i v e l y  shallow 
w a te r  d e p o s i t i o n  and lends  suppor t  to  an o v e r a l l  shal low w a te r  s i t e  f o r  
t h e  basa l  c h e r t .  A gradua l  deepening and g e n e r a t io n  o f  a s lope  i s  
sugges ted  by the  fo l lo w in g  c r i t e r i a :  1) c e s s a t i o n  o f  b lack  c h e r t
d e p o s i t i o n ,  which may be t h e  r e s u l t  o f  w a te r  dep ths  becoming too g r e a t
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f o r  the  microorganisms to  s u r v i v e ;  2) sediment  g r a v i t y  flow d e p o s i t s  
a r e  in te rb ed d ed  w i th  th e  b lack  c h e r t .  The g e n e r a t io n  o f  such flows i s  
enhanced by s l o p e s ,  and s i m i l a r  d e p o s i t s  co n t in u e  to  appear  and become 
t h i c k e r  and more abundant in t h e  o v e r ly in g  l i t h o f a c i e s  o f  Formation B.
Formation B
Four l i t h o f a c i e s  make up Formation B, which a t t a i n s  a maximun 
th i c k n e s s  o f  approx im a te ly  500 m. L i t h o f a c i e s  B  ̂ i s  made up 
p redom inan t ly  o f  lam ina ted  s i l t s t o n e  and f i n e - g r a i n e d  sands tone  with  
l o c a l l y  t h i c k e r  and c o a r s e r  sands tone  beds.  This l i t h o f a c i e s  i s  the  
most abundant in Formation B, making up an average  o f  approx im a te ly  80% 
o f  th e  s t r a t i g r a p h i c  th i c k n e s s  (F ig .  11) ,  a l though  the  complex fo ld i n g  
t h a t  has o ccu r red  th roughou t  t h i s  l i t h o f a c i e s  re n d e r s  t h i c k n e s s e s  
somewhat u n c e r t a i n .  L i t h o f a c i e s  B^ i s  made up o f  s t r u c t u r e l e s s ,  
g raded ,  and f l a t - l a m i n a t e d  sands tone  with  in te rbedded  b r e c c i a .  A 
p e r s i s t e n t  u n i t  o f  j a s p i l i t e  forms L i t h o f a c i e s  B^, and s e v e ra l  t h i n  
u n i t s  o f  bedded b a r i t e  make up L i t h o f a c i e s  B^. The j a s p i l i t e  o f  
L i t h o f a c i e s  B  ̂ occurs  ap p rox im a te ly  50 m above th e  top o f  Formation A. 
E i t h e r  L i t h o f a c i e s  B^ o r  may d i r e c t l y  o v e r ly  Formation A, bu t  more 
commonly L i t h o f a c i e s  B  ̂ i s  the  lowermost f a c i e s .  The b a r i t e  u s u a l l y  
occurs  a few mete rs  above the  top  o f  th e  basa l  c h e r t ,  bu t  in some 
l o c a l i t i e s  i t ,  t o o ,  r e s t s  d i r e c t l y  on Formation A.
L i t h o f a c i e s  B  ̂ -  s i l t s t o n e  and f i n e - g r a i n e d  sands tone
D e sc r ip t io n  and Composi t ion. L i t h o f a c i e s  B^ i s  composed o f  t h i n l y  





2 0 0 -
1 0 0 -
SSL
-=ST
_ = = ;








B r e c c ia .  Angular c l a s t s  o f  ch er t  
in  a sandstone matrix
Sandstone
Abundant th in  c h e r t  la y e r s  i n t e r ­
bedded with ferru g in o u s  s i l t s t o n e
J a s p i l i t e  -  banded w h it e /  
ja s p e r  c h er t
-  Bedded b a r i t e
3  I I _ Ferruginous s i l t s t o n e  and very
1 I___I ” f i n e  gra ined  sandstone
= r  -  F la t  lam in ation
,-rfA -  Cross lam in ation  
A  -  Normal grading  
\ y  -  Reverse grading
-  Convoluted lam in at io n
ZJ
Ss S P C
Fig. 11. Stratigraphic column of Formation B in 
structural zone 1. Lithofacies designations at 
left of symbols. Ss, S, P, and C on scale bar 
indicate siltstone, sandstone, and pebble and 
cobble conglomerate. Section S-34.
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medium-grained s an d s to n e .  Sandstone  occurs  in beds averag ing  1 t o  2 cm 
t h i c k  and i s  l e s s  abundant than  s i l t s t o n e .  Sandstone abundance and 
o v e r a l l  average  g r a i n  s i z e  i n c r e a s e  u p - s e c t i o n  ( F i g . 11).
L i t h o f a c i e s  Bj i s  composed p redom inan t ly  o f  h e m a t i t e  and a 
m i c r o c r y s t a l l i n e  mosaic o f  q u a r t z ,  s e r i c i t e ,  and c h l o r i t e .  Hematite 
was i d e n t i f i e d  by x - r a y  d i f f r a c t i o n .  D e t r i t a l  q u a r t z  makes up an 
average  o f  2.7% o f  t h e s e  ro c k s .  The d e t r i t a l  q u a r t z  g r a i n s  a re  
non-undulose ,  monocrystal  1i n e ,  and a n g u la r  t o  very  a n g u la r .
F l a t  lam in a t io n  i s  t h e  most common sed im en ta ry  s t r u c t u r e  in 
L i t h o f a c i e s  B^. Cross l am in a t io n  occurs  th roughou t  t h i s  l i t h o f a c i e s ,  
(F ig .  12a) bu t  forms no a p p a r e n t  c y c l e s .  I t s  o v e r a l l  abundance appears  
to  in c r e a s e  s l i g h t l y  toward th e  top  o f  th e  s e c t i o n .  Low-angle c ro s s  
s t r a t i f i c a t i o n  with  average  f o r e s e t  ang le s  o f  15 degrees  occurs  in t h i s  
l i t h o f a c i e s ,  and l i k e  c r o s s - l a m i n a t i o n ,  i s  more common in  the  h ighe r  
p a r t s  o f  t h e  s e c t i o n .  I t  occurs  in  t a b u l a r  s e t s  w i th  a n g u la r  to  
s l i g h t l y  t a n g e n t i a l  b a s e s ,  and, l o c a l l y  in  concave f o r e s e t .  Convoluted 
lam ina t ion  in  l a y e r s  3 to  5 cm t h i c k  i s  p r e s e n t  in  a few l a y e r s  (F ig .  
12b).  Some laminae show normal g ra d in g .  Normally graded l a y e r s  may be 
as t h i n  as 2 mm but  more commonly a r e  1-2 cm t h i c k .  The p ro p o r t io n s  
and sequences o f  sed im enta ry  s t r u c t u r e s  p r e s e n t  in L i t h o f a c i e s  B  ̂ show 
no a p p a ren t  c y c l i c i t y  o t h e r  than  a s l i g h t  in c r e a s e  in  abundance o f  
c ro s s -b e d d in g  u p - s e c t io n
Severa l  o b s e r v a t io n s  su g g es t  t h a t  th e  o r i g i n a l  sed iment o f  
L i t h o f a c i e s  B̂  ̂ was s i l t - s i z e d  and f i n e r :  1) t h e r e  i s  a preponderence
o f  f i n e ,  even l a m in a t io n s ;  2) the  p r e s e n t  t e x t u r e  i s  homogenously f i n e ­
g r a i n e d ,  and; 3) t h e r e  i s  a p a u c i t y  o f  scour  f e a t u r e s ,  and v i r t u a l l y  no 
l a r g e - s c a l e  s cour .
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Fig .  12a. S ta rved  r i p p l e s  in rock o f  L i t h o f a c i e s  Bj.  Note 
d rap ing  o f  sedim ent over  r i p p l e  form.
F ig .  12b. Convoluted la m in a t io n s  in  s i l i c i f i e d  s i l t s t o n e  o f  
L i t h o f a c i e s  Bj.  Note upper  l a y e r  o f  undeformed s i l t s t o n e  
o v e r l a i n  by lam ina ted  w h i te -w e a th e r in g  c h e r t .
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Thin (5-10 cm),  co n t in u o u s  l a y e r s  o f  w h i t e - w e a th e r in g ,  lam ina ted  
c h e r t  occur  th roughou t  L i t h o f a c i e s  Bj.  L o c a l ly ,  t h e s e  c h e r t  l a y e r s  
form up to  50% o f  th e  l i t h o f a c i e s  in zones 1 t o  2 m t h i c k ,  where they  
a l t e r n a t e  w i th  s i l t s t o n e  l a y e r s .  O v e r a l l ,  however,  t h e s e  c h e r t  l a y e r s  
form a minor p o r t i o n  o f  L i t h o f a c i e s  B^. W hi te -w ea ther ing  c h e r t  a l s o  
occurs  as  n o d u le s .  F in e ly - l a m i n a t e d  sedim ent bends around th e se  
n o d u le s ,  which themselves  show i n t e r n a l  l a m i n a t i o n s ,  s u g g e s t in g  t h a t  
t h e  nodules  formed very  e a r l y  and l a t e r  compaction has caused 
de form at ion  o f  su r round ing  sedim ent around th e  r i g i d  n odu le s .
A len s  o f  b r e c c i a  composed o f  c l a s t s  o f  both c h e r t  and s i l t s t o n e  
in  a s i l t s t o n e  m a t r ix  c rops  o u t  in  th e  e a s t e r n  p o r t i o n  o f  t h e  s tudy  
a re a  ( s e e  s i l t s t o n e  b r e c c i a  in  P l a t e  I and Measured S e c t io n  S-33 in 
Appendix).  This b r e c c i a  has a maximum t h i c k n e s s  o f  abou t  55 m, a 
l a t e r a l  e x t e n t  o f  about  500 m e t e r s ,  and t h e  basa l  c o n t a c t  w i th  th e  
u n d e r ly in g  s i l t s t o n e  i s  i r r e g u l a r .  The b r e c c i a  u n i t  i s  m a t r ix  
suppor ted  and i s  u n s t r a t i f i e d .  Cher t  c l a s t s  a r e  a n g u la r  to  su b a n g u la r ,  
average  2 cm in  d i a m e te r ,  and in c lu d e  w h i te  c h e r t ,  b lack  c h e r t ,  banded 
c h e r t ,  and j a s p e r .  S i l t s t o n e  c l a s t s  a r e  a n g u la r  to  subrounded, average  
about 4 cm in  d i a m e te r ,  and appea r  t o  be o f  th e  same composi t ion  as  the  
s i l t s t o n e s  o f  L i t h o f a c i e s  Bj.  Two m egac la s t s  o f  s i l t s t o n e  were 
observed  in  t h i s  b r e c c i a ,  th e  l a r g e r  having dimens ions  o f  app rox im a te ly  
4 x 20 m e te r s .
S e d im e n ta t io n . D epos i t ion  o f  th e  s i l t s t o n e s  and s an d s to n es  o f  
L i t h o f a c i e s  B  ̂ took p la c e  under  p redom inan t ly  low energy c o n d i t i o n s .  
This i s  shown by th e  abundance o f  f l a t - l a m i n a t e d ,  f i n e - g r a i n e d  
s ed im en t ,  by the  lack  o f  s c o u r  and o t h e r  h igh -en e rg y  f e a t u r e s ,  by the
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p a u c i ty  o f  c u r r e n t  s t r u c t u r e s ,  and by th e  l a ck  o f  wave-induced 
s t r u c t u r e s .
Thin (2-20 mm), normal ly  graded l a y e r s  a re  b e s t  e x p la in ed  as 
r e s u l t i n g  from suspens ion  s e d im e n ta t io n .  Many o f  t h e  lam inae ,  both 
graded and ungraded,  have a ve ry  uniform t h i c k n e s s ,  and may r e p r e s e n t  
accum ula t ions  o f  v o lc a n ic  a sh .  P e t r o g r a p h i c a l l y  t h e s e  l a y e r s  p rov ide  
no unequivocal ev idence  f o r  a v o lc a n ic  ash o r i g i n ,  such as  th e  p re sence  
o f  s h a r d s ,  a c c r e t i o n a r y  l a p i l l i ,  o r  o r  o t h e r  r e c o g n iz a b le  v o lc a n ic  
f r agm en ts .  The q u a r t z  i s  non-undulose and very  c l e a r  in p lane  l i g h t ,  
bu t  cannot  c o n c l u s i v e l y  be s a i d  to  be o f  v o l c a n i c  o r i g i n .
D epos i t ion  from t r a c t i v e  c u r r e n t s  i s  i n d i c a t e d  by th e  p re sen ce  o f  
c ro s s -bedded  l a y e r s .  C ro s s - l a m in a t io n  formed from m ig r a t in g  r i p p l e s ,  
which a r e  now p re se rv ed  as  l e n t i c u l a r  bedding .  Harms e t  a l .  (1982) 
i n t e r p r e t  low-angle  c r o s s - s e t s  which a r e  s i m i l a r  to  th o s e  seen in 
L i t h o f a c i e s  as forming from m ig r a t in g  sand waves.
The s i l t s t o n e - c l a s t  b r e c c i a  d i s p l a y s  c h a r a c t e r i s t i c s  s u g g e s t iv e  o f  
d e b r i s - f l o w  d e p o s i t i o n ,  most n o ta b ly  t h e  m a t r ix - s u p p o r t e d  t e x t u r e ,  th e  
l ack  o f  c u r r e n t  s t r u c t u r e s  o r  o t h e r  bedding f e a t u r e s ,  and th e  p re sence  
o f  two very  l a r g e  c l a s t s  which would r e q u i r e  a f low with  m a tr ix  
s t r e n g t h  in o rd e r  to  be t r a n s p o r t e d .  This  b r e c c i a  i s  i n t e r p r e t e d  as  a 
slump d e p o s i t  in  which a l r e a d y  l i t h i f i e d  s i l t s t o n e  and c h e r t  were 
r ip p ed  up to  form c l a s t s  in  a m a t r ix  o f  u n l i t h i f i e d  s i l t  and c l a y .
L i t h o f a c i e s  Bg -  Sandstone  and Brecc ia
D e sc r ip t io n  and Composi t ion . Rock o f  L i t h o f a c i e s  B2  occurs  as 
t h i n ,  l e n t i c u l a r  u n i t s  o f  s ands tone  and b r e c c i a .  L i t h o f a c i e s  Bg 
s ands tone  may occur  as a s i n g l e  bed 50 cm t h i c k  o r  may form a sequence
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o f  sands tone  and b r e c c i a  up to  40 m t h i c k .  Beds range in  t h i c k n e s s  
from 3 cm to  1.5 m and a re  l o c a l l y  d i s c o n t in u o u s .  L a t e r a l l y ,  t h i s  
l i t h o f a c i e s  p inches  o u t  and i n t e r f i n g e r s  w i th  s i l t s t o n e s  o f  L i t h o f a c i e s  
Bj.  Basal c o n t a c t s  o f  B2 sands tones  o r  b r e c c i a s  a r e  g e n e r a l l y  sharp  
and show no ev idence  o f  e r o s i o n ,  excep t  f o r  the  lo c a l  occu r ren ce  o f  
scou r  c a s t s .
Most s ands tones  in t h i s  l i t h o f a c i e s  a r e  medium- to  c o a r s e - g r a i n e d ,  
bu t  some beds a r e  ve ry  c o a r se  sand-  to  g r a n u l e - s i z e d .  S o r t in g  v a r i e s ;  
t h e  f i n e r  g ra in e d  beds a r e  m odera te ly -  to  w e l l - s o r t e d  and th e  very 
c o a r se  sand to  g ra n u le  beds a r e  m o d e ra te ly -  to  p o o r l y - s o r t e d .
The sands tones  o f  L i t h o f a c i e s  B2 a re  composed o f  g r a i n s  o f  gray 
c h e r t ,  b lack  carbonaceous c h e r t ,  w h i te  c h e r t ,  and d e t r i t a l  q u a r t z ,  a l l  
cemented by m ic ro q u a r tz .  Most g r a in s  a r e  subrounded to  sub an g u la r  but 
s i  1i c i f i c a t i o n  has commonly obscured  g r a in  b o u n d a r ie s ,  e s p e c i a l l y  f o r  
c h e r t  g r a i n s .  Trace amounts (< « ! % )  o f  b a r i t e ,  p l a g i o c l a s e ,  and z i r c o n  
have been i d e n t i f i e d .  P y r i t e ,  h em at i t e  and rhombohedral c a rb o n a te  
g r a i n s  a r e  common a u th ig e n ic  c o n s t i t u e n t s  o f  L i t h o f a c i e s  B2 s an d s to n e s .
Megaquartz g r a i n s  c o n s t i t u t e  <10% o f  t h e  framework g r a i n s  o f  a l l  
samples examined in L i t h o f a c i e s  B2 (Table 2 ) .  M o n o c ry s ta l l in e  and 
p o l y c r y s t a l l i n e  q u a r t z  occur  in subequal amounts.  I d e n t i f i a b l e  
v o l c a n i c  q u a r t z  makes up <10% of  th e  q u a r t z  g r a i n s  in  sands tones  o f  B2 
(F ig .  6 ) .
Normal g rading  and f l a t - l a m i n a t i o n  a re  th e  most abundant 
sed im enta ry  s t r u c t u r e s  in B2 and where t h e se  s t r u c t u r e s  occur  in the  
same s ed im en ta t io n  u n i t ,  f l a t - 1 a m i n a t i o n s  o v e r ly  the  graded bed. 
C ro s s - l am in a t io n  occurs  bu t  i s  not common, u s u a l l y  o v e r ly in g  
f l a t - l a m i n a t i o n .  Many beds appear  to  be s t r u c t u r e l e s s .  Sole  marks
43
resembling  f i l l e d - i n  s cours  were observed  on th e  base o f  one bed (F ig .  
13) .
A sso c ia ted  w i th  the  sands tones  o f  L i t h o f a c i e s  a r e  c h e r t - c l a s t  
b r e c c i a  beds .  Pebble-  and c o b b l e - s i z e d  c l a s t s  occu r  as p l a t e s  o f  whi te  
c h e r t ,  banded c h e r t ,  j a s p e r ,  b lack  c h e r t ,  and r a r e l y ,  s i l t s t o n e ,  chao­
t i c a l l y  a r ranged  in  a s ands tone  m a t r ix  ( F ig s .  14a and 15) .  Some 
b r e c c i a  beds c o n ta in  only w h i te  c h e r t  p l a t e s  (F ig .  14a) .  B recc ia s  a re  
both c l a s t - s u p p o r t e d  and s a n d - m a t r ix - s u p p o r t e d ,  w ith  c l a s t - s u p p o r t e d  
t e x t u r e s  being more common. In v e r s e  and normal g rad ing  a r e  p r e s e n t  in 
many o f  t h e s e  b r e c c i a  beds (F ig .  15) .  Bases o f  beds a r e  g e n e r a l l y  
sha rp  and show no ev idence  o f  e r o s io n  a l though  s m a l l - s c a l e  scou r  occurs  
l o c a l l y  (F ig .  14b).
S e d im e n ta t io n . Sed im en to log ica l  ev idence  in  th e  form of  
s t r u c t u r e l e s s  and normally  graded s a n d s to n e s ,  s o l e  marks ,  and in v e r s e l y  
graded b r e c c i a  s u g g es t s  d e p o s i t i o n  by sed iment g r a v i t y  flow r a t h e r  than 
t r a c t i o n  f low.  A s t r u c t u r e l e s s  sand bed may r e f l e c t  d e p o s i t i o n a l  
c o n d i t i o n s  o r  i t  may be th e  r e s u l t  o f  d e s t r u c t i o n  o f  o r i g i n a l  
l a m in a t io n .  Biogenic  d i s r u p t i o n  i s  r u l e d  ou t  on th e  b a s i s  o f  th e  age 
o f  th e  s a n d s to n e s .  Phys ica l  d i s r u p t i o n  due to  l i q u e f a c t i o n  and 
subsequent  w a te r  escape  can d e s t r o y  lam in a t io n  bu t  should  produce 
f e a t u r e s  such as d i sh  and p i l l a r  s t r u c t u r e s ,  none o f  which were seen .  
The absence o f  lam in a t io n  may a l s o  r e s u l t  from r a p id  d e p o s i t i o n  from 
s u sp e n s io n ,  most probably  by th e  d e c e l e r a t i o n  o f  a h e a v i l y  sed im en t­
laden c u r r e n t .
In the  lower s t r u c t u r a l  zone (SZ-1) many t h i n  sands tone  beds occur  
as s i n g l e  s ed im en ta t io n  u n i t s .  These u n i t s  commonly have a graded
Fig .  13. Scour c a s t s  on base  o f  san d s to n e  bed, L i t h o f a c i e s  Bg. 
Measured s e c t i o n  S-2 .  Book i s  19 cm long .
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Fig .  14a. C h e r t - c l a s t  b r e c c i a  o f  L i t h o f a c i e s  B2 . P l a t e s  o f  
w h i te  c h e r t  in  a sandy m a t r ix .  Bending and de fo rm a t ion  o f  
some o f  the  w h i te  c h e r t  c l a s t s  i n d i c a t e s  t h a t  t h e s e  c l a s t s  were 
s t i l l  somewhat p l a s t i c  du r ing  d e p o s i t i o n .  Sample 2-10
Fig .  14b. S m a l l - s c a l e  sco u r  and f i l l  in L i t h o f a c i e s  B2 . 
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Fig ,  1 5 .  S t r a t i g r a p h i c  column o f  b r e c c i a / s a n d s t o n e  u n i t  o f  L i t h o ­
f a c i e s  Bp- Note i n v e r s e l y . graded  d e b r i s  f low d e p o s i t s  and o v e r a l l  
f i n i n g  and t h i n i n g  upward t r e n d .  S ,  P,  C, and B on s c a l e  b a r  
i n d i c a t e  s a n d ,  p e b b le ,  c o b b le ,  and b o u ld e r  av e rag e  s i z e .  S e c t io n  
S-9.
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basa l  p o r t i o n  which may be o v e r l a i n  by f l a t - l a m i n a t i o n .  I f  p r e s e n t ,  
c r o s s - l a m i n a t i o n s  o v e r ly  t h e  f l a t - l a m i n a t i o n s  and a t h i n  c h e r t  l a y e r  
caps a l l  o f  t h e se  san d s to n e  beds .  This sequence resembles  t h e  Ta,  Tb» 
and Tc s u b d i v i s i o n s  o f  t h e  Bouma t u r b i d i t e  sequence.  The c h e r t  cap may 
r e p r e s e n t  t h e  Td d i v i s i o n .
The b r e c c i a  beds show both normal and in v e r s e  g ra d in g .  The 
i n v e r s e l y  graded beds have pebbly sands tone  a t  th e  bottom and c l a s t -  
suppor ted  pebble  and cobb le  conglomera te  a t  the  top ( F i g . 15).  These 
beds a re  i n t e r p r e t e d  as sediment  g r a v i t y  flow d e p o s i t s  in  which the  
c l a s t s  were l a r g e l y  sup p o r ted  by d i s p e r s i v e  p r e s s u r e .  The normally  
graded beds a re  i n t e r p r e t e d  as being d e p o s i t e d  by f u l l y  t u r b u l e n t ,  
h i g h - d e n s i t y  t u r b i d i t y  c u r r e n t s .  Severa l  b r e c c i a  beds in  Figure  15 
show an i n c r e a s e  in  m a t r ix  c o n te n t  near  the  t o p .  This t e x t u r e  has been 
noted  by Nemec and S te e l  (1984) and Nemec e t  a l .  (1984) and i s  
co n s id e re d  to  be t y p i c a l  o f  subaqueous d e b r i s - f l o w  d e p o s i t s .
F igure  16 shows a p o r t i o n  o f  a b r e c c i a  bed t h a t  has a 
n o n -e ro s io n a l  basa l  c o n t a c t  and i s  c h a r a c t e r i z e d  by n e a r - h o r i z o n t a l  
s t r a t i f i c a t i o n .  C l a s t  l a y e r s  a r e  both s and -m atr ix  suppor ted  and 
framework s u p p o r te d .  Three c ru d e ly  i n v e r s e l y  graded pebble  zones can 
be seen in  F ig .  16. In v e r s e  g rad ing  may be produced by s h ea r in g  o f  a 
high c o n c e n t r a t i o n  o f  c l a s t s .  The base  o f  t h e s e  i n v e r s e l y  graded beds 
i s  n o n - e ro s iv e .  I t  has been sugges ted  (Walker,  1966) t h a t  basa l  
i n e r t i a - f l o w  c a r p e t s  may form a b u f f e r  between th e  c u r r e n t  and th e  
s u b s t r a t e ,  which would i n h i b i t  i t s  e r o s i v e  c a p a c i t y .  S t r a t i f i c a t i o n  
bands such as  t h e s e  may be due to  a su rg ing  c h a r a c t e r  o f  th e  flow in 
which p e r i o d i c  ' f r e e z i n g '  took  p lace  ( H i s c o t t  and Middle ton ,  1980;
Fig .  16. B recc ia  bed o f  L i t h o f a c i e s  Bp showing t h r e e  c ru d e ly  
i n v e r s e l y  graded pebble  zones .  See t e x t  f o r  d i s c u s s i o n .
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Lowe, 1982a) .  Massari  (1984) d e s c r ib e d  very  s i m i l a r  resed im ented  
d e p o s i t s  from a Miocene f a n - d e l t a  in I t a l y .
The sands tones  and b r e c c i a s  o f  L i t h o f a c i e s  formed dur ing
p e r io d s  o f  r e l a t i v e l y  h ig h e r - e n e rg y  d e p o s i t i o n  in  which sand and grave l  
were d e p o s i t e d  by sedim ent g r a v i t y  flow i n t o  a p redom inan t ly  low-energy 
environment .  A sedim ent g r a v i t y  flow o r i g i n  i s  sugges ted  by th e  
massive n a tu re  o f  many b eds ,  t h e  abundance o f  normal ly  graded and 
amalgamated beds ,  and by th e  p re sence  o f  p a r t i a l  Bouma sequences  and 
s o l e  marks.  Lack o f  reworking o f  the  tops  o f  beds as well  as the  
i n f e r r e d  low-energy environment o f  th e  u n d e r ly in g  and o v e r ly in g  
lam ina ted  f e r r u g i n o u s  s i l t s t o n e s  su g g es t  t h a t  t h e  o v e r a l l  energy  o f  the  
environment  was low.
L i t h o f a c i e s  B^ -  J a s p i l i t e
D e sc r ip t io n  and Composi t ion . A prom inan t ,  j a s p e r - r i c h  hor izon  has 
been c o r r e l a t e d  approx im a te ly  8 km along s t r i k e  ( P l a t e  I ) .  This 
hor izon  v a r i e s  from 3 to  8 mete rs  in  t h i c k n e s s .  The j a s p e r  i s  t h i n l y  
bedded and t h i n l y  lam in a ted .  Grain s i z e  o f  sedim ent in  L i t h o f a c i e s  B  ̂
i s  mostly  in  th e  s i l t -  and c l a y - s i z e d  r an g e .  Thin l a y e r s  o f  f i n e  
s a n d - s i z e d  sed iment which g e n e r a l l y  show l e s s  j a s p e r i z a t i o n  occur  
l o c a l l y .
J a s p e r - r i c h  l a y e r s  can be seen to  g rade  l a t e r a l l y  i n t o  f e r ru g in o u s  
s i l t s t o n e s  o f  L i t h o f a c i e s  B£, su g g es t in g  t h a t  t h e  j a s p e r  i s  a 
d i a g e n e t i c  a l t e r a t i o n  o f  th e  f e r r u g i n o u s  sed im en ts .  J a s p e r  l a y e r s  
l o c a l l y  may be in te rb ed d ed  with  w h i te  c h e r t  l a y e r s  in  which th e  whi te  
c h e r t  i s  commonly b r e c c i a t e d .
50
S e d im e n ta t io n . Rock o f  L i t h o f a c i e s  Bg does no t  d i s p l a y  
s i g n i f i c a n t l y  d i f f e r e n t  s ed im en to lo g ica l  c h a r a c t e r i s t i c s  from th e  f i n e ­
g ra ined  s i l t s t o n e s  o f  L i t h o f a c i e s  Br>. Both a re  p redom inan t ly  f i n e ­
g ra ined  and f l a t  l am in a ted .  L oca l ly  t h e  two l i t h o f a c i e s  a re  
g r a d a t i o n a l ,  both  l a t e r a l l y  and v e r t i c a l l y ,  i n t o  one a n o t h e r ,  f u r t h e r  
su g g es t in g  s i m i l a r  p r o c e sse s  o f  s e d im e n ta t io n .  The j a s p i l i t e  does 
e x h i b i t  ev idence  o f  e a r l y  1i t h i f i c a t i o n  in th e  form o f  b r e c c i a t e d  
w h i t e - c h e r t  l a y e r s  w i th in  i n t a c t  j a s p e r  l a y e r s .  The o v e r a l l  energy  o f  
th e  d e p o s i t i o n a l  environment o f  L i t h o f a c i e s  Bg was low as  shown by the  
absence o f  s c o u r ,  c o a r s e - g r a i n e d  s ed im en t ,  o r  o t h e r  high energy 
i n d i c a t o r s .
L i t h o f a c i e s  B^ -  Bedded B a r i t e
D e sc r ip t io n  and Composi t ion. Thin b a r i t e  d e p o s i t s  have been found 
th roughou t  th e  Onverwacht and Fig Tree Groups in  th e  B arber ton  Mountain 
Land (H e in r ichs  and Reimer,  1977; Reimer,  1980). Two o u tc ro p s  o f  
bedded b a r i t e  a r e  lo c a t e d  w i th in  t h e  s tudy  a rea  (D.R. Lowe, p e r .  comm., 
F ig .  17) ,  each o c c u r r in g  as  a t h i n  (20-30 cm) bed w i th  a l a t e r a l  e x t e n t  
o f  no more than  100 m. Each o f  t h e s e  b a r i t e  beds i s  lo c a t e d  j u s t  above 
the  top  o f  t h e  basa l  c h e r t ,  and may c o r r e l a t e  with  th e  " lower  Fig Tree 
ba ry te "  o f  Reimer (1980, p.  402).
The b a r i t e  occurs  as gray  to  l i g h t  green b lades  which a r e  o r i e n t e d  
a t  high ang le s  t o  bedd ing ,  and as b a r i t e  sand.  L o c a l ly ,  bundles  o f  
b lades  d iv e rg e  upward, forming what H e in r ichs  and Reimer (1977) term 
" c a u l i f l o w e r s " .  At l o c a l i t y  1 (F ig .  17) t h e  b a r i t e  i s  u n d e r l a in  by 
t h r e e  mete rs  o f  b l u i s h - g r a y  c h e r t  and o v e r l a i n  by a sequence o f  f i n e ­
g r a in e d ,  c r o s s - l a m in a t e d  c h e r t s  and pea-cong lom era te .
0 500 m
Basal Chert | |- S i l t s t o n e  and sandstone
Conglomerate I^fl- Diabase dikes
Fig.  17.  B a r i t e  l o c a l i t i e s  f o r  the  Fig Tree Group of t h i s  s tudy .  A and B: l o c a l i t i e s  
1 and 2 in t e x t .  C: general  geologic  map of  study area  showing l o c a l i t i e s  
o f  A and B. See P l a t e  I f o r  d e t a i l e d  geo log ic  map. Scale  bar i s  fo r  A and B.
cn
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Sed im en ta t ion  -  A sed im en ta ry  o r i g i n  f o r  t h e  b a r i t e  i s  sugges ted  
by i t s  occu r ren ce  a t  th e  same s t r a t i g r a p h i c  ho r izon  a t  d i f f e r e n t  
l o c a l i t i e s  and by i t s  i n c l u s i o n  in  s t r u c t u r a l  d i s t u r b a n c e s  t h a t  
a f f e c t e d  th e  su r round ing  sed im en ta ry  ro c k s .  Reimer (1980) dete rmined  
t h a t  a l l  b a r i t e  d e p o s i t s  he s t u d i e d  in  t h e  Fig Tree Group were o f  
sed im enta ry  o r i g i n  based on s i m i l a r  c r i t e r i a ,  as  well  as  on th e  
p resence  o f  pr imary  sed im en ta ry  s t r u c t u r e s .
The b lades  in th e  b a r i t e  l i t h o f a c i e s  a r e  a d i a g e n e t i c  growth 
phenomenon, growth ta k in g  p la c e  dur ing  o r  s h o r t l y  a f t e r  d e p o s i t i o n  
(Reimer,  1980).  According to  Reimer (1980) t h e  lower Fig Tree b a r i t e s  
a r e  o f  d e t r i t a l  o r i g i n ,  forming e i t h e r  from e r o s io n  o f  u p l i f t e d  
Onverwacht b a r i t e  o r  reworked from contemporaneous hydrothermal 
e x h a l a t i v e  d e p o s i t s .  The c l o s e  s i m i l a r i t i e s  o f  the  b a r i t e  d e p o s i t s  o f
t h i s  s tudy  w i th  th o s e  o f  Reimer (1980) su g g e s t  s i m i l a r  d e p o s i t i o n a l
h i s t o r i e s .  Although no pr imary  sed im en ta ry  s t r u c t u r e s  were seen in
sed im entary  b a r i t e s  in  t h e  p r e s e n t  s tudy  a r e a ,  a l l  o t h e r  a s p e c t s  a re  
analogous  to  th e  d e p o s i t s  o f  Reimer (1980) .
Formation C
The upper p o r t i o n  o f  t h e  Fig Tree Group o f  t h e  p r e s e n t  s tudy  i s  
made up o f  two l i t h o f a c i e s :  1) L i t h o f a c i e s  -  a c h e r t - c l a s t
cong lom era t ic  sequence which i s  most abundant in  t h e  w es te rn  p o r t i o n  o f
th e  s tudy  a r e a ,  and; 2) L i t h o f a c i e s  Ĉ  - a  v o l c a n i c l a s t i c  sequence 
composed o f  b r e c c i a ,  cong lom era te ,  and san d s to n e  which occurs  in  the  
e a s t e r n  map a r e a .  P e t r o l o g i c  and f i e l d  r e l a t i o n s h i p s  i n d i c a t e  t h a t  
t h e s e  two l i t h o f a c i e s  occupy s i m i l a r  s t r a t i g r a p h i c  l e v e l s .
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L i t h o f a c i e s
The l a t e r a l  r e l a t i o n s h i p s  o f  t h e  c h e r t - c l a s t  conglomerate  (he re  
r e f e r r e d  t o  as t h e  con g lo m era t ic  sequence)  and c l a s t i c  rocks  o f  
fo rm at ion  B a re  shown in  F ig .  18. L i t h o f a c i e s  Cj can be subd iv ided  
i n t o  t h r e e  main s u b f a c i e s  on t h e  b a s i s  o f  g r a in  s i z e  and sed im en ta ry  
s t r u c t u r e s .  Two s u b f a c i e s  predomina te .  These a r e  1) u n s t r a t i f i e d  to  
c ru d e ly  s t r a t i f i e d  c o a r s e ,  c l a s t - s u p p o r t e d  cong lom era te ,  l o c a l l y  sand-  
m a t r ix  s u p p o r t e d ,  and 2) c r u d e ly  h o r i z o n t a l l y  s t r a t i f i e d  sandy 
cong lom era te .  The t h i r d  s u b f a c i e s ,  c r o s s - s t r a t i f i e d  cong lom era te ,  i s  
l e s s  abundant .  All t h r e e  may c o n ta i n  i n t e rb e d d ed  s an d s to n e .  These 
s u b f a c i e s  a r e  in te rb ed d ed  w i th  one a n o th e r  both l a t e r a l l y  and 
v e r t i c a l l y ,  and l o c a l l y  g rade  i n t o  one a n o th e r .  The o v e r a l l  c h a r a c t e r  
o f  L i t h o f a c i e s  i s  t h a t  o f  a c o a r se n in g  and th ic k n e n in g  upwards 
cong lom era t ic  sequence (F ig .  19 ) .  The g enera l  c h a r a c t e r i s t i c s  o f  
L i t h o f a c i e s  a r e  summarized in  Table 3.
D e s c r ip t i o n  and Composi t ion . U n s t r a t i f i e d  to  c r u d e ly  s t r a t i f i e d  
conglomerate  o f  s u b f a c i e s  1 i s  mos t ly  c l a s t - s u p p o r t e d  w i th  w e l l - rounded  
pebbles  and cobb les  up to  30+ cm in  d ia m e te r  (F ig .  2 0 ) .  The average  
s i z e  i s  in t h e  pebble  to  small  cobble  r an g e .  This s u b f a c i e s  makes up 
about 40% o f  L i t h o f a c i e s  C^. The m a t r ix  i s  s a n d - s iz e d  sediment  w i th  a 
composi t ion  s i m i l a r  to  t h e  sands tones  o f  L i t h o f a c i e s  B£ and a l s o  t o  the  
in te rb e d d ed  sands tones  o f  L i t h o f a c i e s  C^. C la s t s  a r e  composed o f  
v a r i e t i e s  o f  c h e r t ,  i n c lu d in g  b lack  c h e r t ,  banded c h e r t ,  and w h i te  
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F i g /  18. S t r a t i g r a p h i c  columns showing l a t e r a l  v a r i a t i o n  of the  t e r r ig e n o u s  c l a s t i c  sequence.  
In se t  shows lo c a t io n  o f  each column (see  P la te  I ) .  Column A-A' i s  a complete s e c t i o n ,  a l l  
o th e r s  have the  lower and p a r t  o f  the  upper po r t ion  o f  s i l t s t o n e s  omit ted  due to  s t r u c t u r a l  
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- C la s t  supported conglom erate
C la s t  supported conglom erate  
w ith  interbedded sand stone and 
s t r a t i f i e d  conglom erate
-  Sandstone
-  B reccia
□
A
Ferruginous s i l t s t o n e  and 
f in e -g r a in e d  sandston e
-  F la t  lam in ation
-rt'. -  C ro ss-la m in a tio n
-  Normal grading
F ig .  19. I d e a l i z e d  s t r a t i g r a p h i c  column o f  t h e  upper  s t r u c t u r a l  
zone (SZ-2) o f  t h e  t e r r i g e n o u s  c l a s t i c  sequence  in  t h e  w e s te rn  
p o r t i o n  o f  t h e  s tu d y  a r e a .  Format ional d i v i s i o n s  to  l e f t  o f  symbols.
Table 3. C haracteristic features o f L ithofacies Cj -  conglomeratic sequence
D epositional u n it  
(su b fa c ies )
Bed geometry Sedimentary fea tu res Grain s i z e In terp reta tion
C last-supported
conglom erate. Maximum 2 m th ick . M assive, crudely bedded, and normally graded. Local 
basal in verse  grading. 
Im brication common. Erosive 
base. Interbeds o f  m assive 




Longitudinal bars and 
channel la g . L ocally  
debris flow .
H orizon ta lly  
s t r a t i f ie d  sandy 
conglom erate and 
coarse sandstone.
.2  to  1 m th ic k . H orizontal s t r a t i f ic a t io n .  
Strin gers o f  pebbles common. 
Some normal grading. Cross­
lam inations in  sandstones.
Predominantly 
sand and pebble 
s iz e d  gra in s . 
Local over­
siz ed  c la s t s .
Bar tops and upper 
flow regime channel 
d e p o s its .
Planar cr o ss -  20-40 cm th ick  Planar tabular cr o ss ­
s t r a t i f ie d  conglom- tabular s e t s .  s t r a t i f ie d  granules and





Conglomerate beds in th e  u n s t r a t i f i e d  s u b f a c i e s  o f  L i t h o f a c i e s  
range in  t h i c k n e s s  from 0 .5  t o  1 .5  m e te r s .  Amalgamated u n i t s  may reach 
6 m o r  more in  t h i c k n e s s ,  producing e s s e n t i a l l y  a mass ive  conglomerate  
w i th  no d i s t i n c t  bedding.
Crude s t r a t i f i c a t i o n  i s  d e f in e d  by v a r i a t i o n  in  c l a s t  s i z e  and 
c o n c e n t r a t i o n .  Bedding p la n e s  a r e  r a r e .  When beds a r e  d i s t i n c t ,  they  
a r e  l a t e r a l l y  d i s c o n t in u o u s  and e r o s i o n a l  bases  a r e  common.
Im b r ica t io n  o f  c l a s t s  i s  a l s o  common. Normal and r e v e r s e  g rad ing  a re  
both  p r e s e n t  in  t h e  c o a r s e  cong lom era te s ,  w i th  normal g rad ing  being th e  
more p r e v a l e n t .  Most c l a s t s  a r e  d i s c o i d  to  s p h e r o id a l  in  shape ,  
p re v e n t in g  long a x i s  o r i e n t a t i o n  measurements .
The second s u b f a c i e s  in  L i t h o f a c i e s  C  ̂ c o n s i s t s  o f  h o r i z o n t a l l y  
s t r a t i f i e d  sandy conglomerate  and c o a r se  s a n d s to n e ,  and makes up 
app rox im a te ly  30-35% o f  L i t h o f a c i e s  C^. Beds a r e  0 .2  to  1 m t h i c k .  
C l a s t  composi t ion  i s  th e  same as t h a t  o f  s u b f a c i e s  1.
H or izon ta l  s t r a t i f i c a t i o n  i s  shown by s t r i n g e r s  o f  small  cobbles  
o r  pebbles  i n  a sandy m a t r ix  o r  by more s u b t l e  a l t e r n a t i o n s  o f  g r a i n  
s i z e  in  c o a r s e  sand-  to  small  p e b b le - s i z e d  sediment (F ig .  21b) .  Normal 
g rad in g  i s  p r e s e n t  w i th in  many h o r i z o n t a l l y  s t r a t i f i e d  l a y e r s .
Sandstone  l a y e r s  l o c a l l y  d i s p l a y  t rough  c r o s s - l a m i n a t i o n  and 
c r o s s - s t r a t i  f i  c a t i  on .
S u b fac ie s  3 o f  L i t h o f a c i e s  C^ i s  p l a n a r  c r o s s - s t r a t i f i e d  g r a n u l e /  
pebble  cong lom era te .  Tabu la r  c r o s s - s e t s  a r e  20 to  40 cm t h i c k  (F ig .  
2 1 a ) .  C l a s t s  a r e  sub an g u la r  and composi t ion  i s  th e  same as f o r  th e  
r e s t  o f  th e  cong lom era t ic  sequence .  The c r o s s - s t r a t i f i e d  conglomerate  
has sharp  c o n t a c t s  w i th  u n d e r ly in g  beds .  This s u b f a c i e s  makes up 
a p p rox im a te ly  15% o f  L i t h o f a c i e s  C^.
Fig .  20. Typical  c l a s t - s u p p o r t e d  pebb le  conglom erate  o f  
L i t h o f a c i e s  C^.
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Table  4 .  C l a s t  composi t ion  f o r  pebb les  and cobbles  o f  L i t h o f a c i e s  
C . .  Tota l  sample o f  198 c l a s t s  from d i f f e r e n t  beds 
in  Fig T ree cong lom era tes .
b lack  c h e r t  25%
w h i te  c h e r t  18%
banded c h e r t  15%
gray  c h e r t  10%
p l a g i o c l a s e  porphyry 10%*
f e r r u g i n o u s  c h e r t  7%
c h e r t  a r e n i t e  5%
unknown 5%
q u a r t z  porphyry 3%
c a v i t y - f i l l  q u a r t z  1%
v o l c a n i c l a s t i c  san d s to n e  <1% 
f u c h s i t i c  rock <1%
s i l t s t o n e  <1%
a c c r e t i o n a r y  l a p i l l i  <1%
* in  some u n i t s ,  p l a g i o c l a s e  porphyry c l a s t s  may make up as 
much as 40% o f  t h e  conglom era te .
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Fig .  21a.  Low-anale ,  p l a n a r  c r o s s - s t r a t i f i c a t i o n  in 
L i t h o f a c i e s  C^. This f e a t u r e  i s  i n t e r p r e t e d  to  be t h e  
p roduc t  o f  m ig r a t in g  t r a n s v e r s e  b a r s .
Fig .  21b. H or izon ta l  s t r a t i f i c a t i o n  in  f i n e  conglomerate  o f  
L i t h o f a c i e s  C^. This type  o f  s t r a t i f i c a t i o n  forms as a r e s u l t  
o f  sh ee t f lo w  on ba r  ty p s  o r  on th e  unconfined  s u r f a c e  o f  an 
a l l u v i a l  f an .
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P a le o c u r r e n t  d i r e c t i o n s  were measured from im b r ica te d  pebbles  and 
cobbles  in  t h e  cong lom era t ic  sequence.  These p a l e o c u r r e n t  measurements 
a r e  d i s p e r s e d ,  w i th  pa leo f low s  g e n e r a l l y  o r i e n t e d  w e s t - n o r th w e s t  and 
sou thwes t  (F ig .  22) .  Complica t ions  in  pa leo f low  p a t t e r n s  in th e  Fig 
Tree conglomerates  a r i s e  in  p a r t  from th e  complex s t r u c t u r a l  
de form at ion  o f  t h e  a r e a .  Measurements were c o r r e c t e d  f o r  d i p ,  bu t  the  
e n t i r e  Fig Tree sequence in  t h e  s tudy  a rea  i s  p a r t  o f  a major 
s t r u c t u r a l  f e a t u r e ,  th e  Onverwacht A n t i c l i n e  (F ig .  1 ) .  The r eg io n a l  
s t r i k e  o f  th e  west  limb o f  th e  Onverwacht A n t i c l i n e ,  roughly  e a s t - w e s t ,  
was used as a r e f e r e n c e  o r i e n t a t i o n  f o r  p a l e o c u r r e n t  r e c o n s t r u c t i o n .
S e d im e n ta t io n . L i t h o f a c i e s  Cj rocks  show abundant ev idence  o f  
forming in  a high energy ,  c u r re n t -d o m in a te d  d e p o s i t i o n a l  sys tem. 
Widespread im b r i c a t io n  was produced by unhindered  c l a s t  i n t e r a c t i o n .  
Scour and f i l l  s t r u c t u r e s  a r e  common and r e p r e s e n t  th e  i n f i l l i n g  o f  
c h an n e l s .  These channel f e a t u r e s  may have a basa l  l a y e r  o f  lag  grave l  
covered by mass ive  o r  s t r a t i f i e d  sands tone  o r  they  may be normally  
graded conglomerate  and s an d s to n e .  L a te ra l  m ig r a t io n  o f  t h e s e  channels  
produced complex e ro s io n a l  s u r f a c e s  and i n t e r n a l  l i t h o f a c i e s  
a s s o c i a t i o n s .  Numerous e r o s io n  s u r f a c e s  and poor ly  developed s t r a t i ­
f i c a t i o n  produce a d i s o r g a n iz e d  appearance  t h a t  r e f l e c t s  complex 
h i s t o r y  o f  e r o s io n  and d e p o s i t i o n .
Massive and c ru d e ly  s t r a t i f i e d  conglomera te  forms a major p o r t i o n  
o f  L i t h o f a c i e s  (F ig .  23 ) .  These cong lom era t ic  u n i t s  resemble  th o se  
formed from the  b u i ld in g  o f  l o n g i t u d i n a l  ba rs  in  f l u v i a l  sys tem s ,  and 
correspond  to  f a c i e s  Gm o f  Mial l  (1977) .  Formation o f  l o n g i t u d i n a l  
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Fig .  22.  Rose diagrams o f  p a l e o c u r r e n t s  f o r  L i t h o f a c i e s  
All r e a d in g s  a r e  from i m b r i c a t e  c l a s t s .
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d e p o s i t  (Mia l1 , 1977).  In te rb ed d ed  sand l e n t i c l e s  a r e  p robab ly  formed 
from low w a te r  a c c r e t i o n  p ro c e sse s  as d e s c r ib e d  by Mi a l 1 (1977) .  Some 
o f  th e  conglomerates  a r e  san d -m a t r ix  suppor ted  and some have i n v e r s e l y  
graded basa l  l a y e r s  (F ig .  24 ) .  These conglomera te  beds a r e  d e b r i s  f low 
d e p o s i t s .  The i n v e r s e  g rad in g  i s  due to  d i s p e r s i v e  p r e s s u r e  s e t  up as 
a r e s u l t  o f  g r a i n - t o - g r a i n  c o l l i s i o n s  d u r ing  t r a n s p o r t .  D eb r i s - f lo w  
d e p o s i t e d  conglomerate  i s  no t  common in  t h i s  s u b f a c i e s  as shown by th e  
p a u c i t y  o f  both  m a t r ix - s u p p o r t e d  conglomerate  and i n v e r s e  g r a d i n g ,  and 
by th e  l ack  o f  any r e l a t i o n s h i p  between bed th i c k n e s s  and maximum 
p a r t i c l e  s i z e .  A p o s i t i v e  r e l a t i o n  between t h e s e  pa ram ete rs  i s  
c o n s id e re d  to  be a good i n d i c a t o r  o f  mass-f low d e p o s i t i o n  (Nemec and 
S t e e l ,  1984).
H o r i z o n t a l l y  s t r a t i f i e d  conglomerate  and sandy conglomera te  
commonly cap more mass ive conglomerate  beds in t h e  upper p o r t i o n  o f  the  
c ong lom era t ic  sequence.  Beds up t o  a mete r  t h i c k  o f  h o r i z o n t a l l y  
s t r a t i f i e d  c o a r se  sand- and g r a n u l e - s i z e d  sediment occur  more commonly 
in th e  lower p o r t i o n  o f  t h e  sequence.  These h o r i z o n t a l l y  s t r a t i f i e d  
l a y e r s  a r e  i n t e r p r e t e d  as b a r - t o p  d e p o s i t s  t h a t  formed under waning bu t  
s t i l l  high flow regime c o n d i t i o n s .  They may a l s o  form as  high flow 
regime channel d e p o s i t s  when th e  channel f l o o r  sedim ent undergoes 
v i r t u a l l y  con t inuous  p a r t i c l e  movement (M ia l1 , 1977).  The h o r i z o n t a l l y  
s t r a t i f i e d  c o a r se  sand-  and f i n e  g r a v e l - s i z e d  sedim ent co r re sponds  to  
th e  Sh f a c i e s  o f  Mi a l 1 (1977) .  S m a l l - s c a l e  c r o s s -  l a m in a t io n s  a re  
r e p o r t e d  by Mi a l 1 (1977) t o  be a minor component o f  t h e  Sh f a c i e s  and 
a r e  a minor component in t h e  p redom inant ly  h o r i z o n t a l l y  s t r a t i f i e d  
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- C l a s t - s u p p o r t e d  cong lom era te
P la n a r  c r o s s - s t r a t i f i e d  
conglomerate
H o r i z o n t a l l y  s t r a t i f i e d  
f i n e  conglom era te
Sandstone
Normal g ra d in g
B
Fig .  23. P a r t i a l  s t r a t i g r a p h i c  column o f  L i t h o f a c i e s  C, showing 
predom inan t ly  u n s t r a t i f i e d  co n g lom era te  i n t e r p r e t e d  as super imposed 
l o n g i t u d i n a l  ba rs  on t h e  proximal p o r t i o n  o f  an a l l u v i a l  f a n .  S, P, 
C, and B on s c a l e  b a r  i n d i c a t e  san d ,  p e b b l e ,  c o b b le ,  and b o u ld e r  
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B
Fig.  24.  P a r t i a l  s t r a t i  g r a p h ic  column o f  t h e  c o n g lo m e ra t i c  sequence .  
Note i n v e r s e - t o - n o r m a l  g ra d in g  in  upper  cong lom era te  bed. S,  P, C, 
and B on s c a l e  b a r  i n d i c a t e  s a n d - ,  p e b b l e - ,  c o b b l e - ,  and b o u ld e r ­
s i z e d  c l a s t s .  S e c t io n  S-17 .
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c ro s s -b e d d in g  i n d i c a t e s  t h a t  p e r s i s t e n t  f low ,  r e s u l t i n g  in  th e  
fo rm at ion  o f  r i p p l e s  and dunes ,  d id  no t  t a k e  p la c e .
The f i n a l  s u b f a c i e s  o f  L i t h o f a c i e s  i s  p l a n a r  c r o s s - s t r a t i f i e d  
cong lom era te .  Low-angle bedding i n c l i n a t i o n  may a r i s e  from the  
m ig r a t io n  o f  ba rs  w i th  low channe lw ard -d ipp ing  s lo p e s  o r  may r e f l e c t  
lo c a l  s cou r ing  and i n f i l l i n g  o f  sha l low  c h an n e l s .  C r o s s - s t r a t i f i e d  
conglom-merate occurs  most commonly as t a b u l a r  s e t s  20 to  40 cm t h i c k .  
This i n t e r n a l  geometry conforms more t o  t h a t  produced by m ig ra t in g  ba rs  
r a t h e r  than  channel i n f i l l ,  and co rre sponds  to  f a c i e s  Gp o f  Mi a 11 
(1977).
D e ta i l e d  s t u d i e s  o f  t h i c k  sequences  o f  Archean conglomera tes  
(Walker and P e t t i j o h n ,  1971; Turner  and Walker,  1973; Henderson, 1975; 
Goodwin, 1977; Walker ,  1978; Hyde, 1980; E r ik s so n ,  1978, 1982) have 
shown th e  common e x i s t e n c e  o f  two major d e p o s i t i o n a l  systems: a l l u v i a l
f a n - b r a id e d  s tream and submarine  f a n .  The d i s t i n c t i o n  between 
conglomerates  d e p o s i t e d  in  deep w a te r  and a l l u v i a l / f l u v i a l  
conglomerates  i s  based on d e s c r i p t i v e  f e a t u r e s  and f a c i e s  a s s o c i a t i o n s .
An a l l u v i a l / f l u v i a l  d e p o s i t i o n a l  system f o r  L i t h o f a c i e s  Cj i s  
sugges ted  by both p o s i t i v e  and n e g a t i v e  ev idence .  Table  5 l i s t s  
d i f f e r e n c e s  which may he lp  to  d i s t i n g u i s h  between a l l u v i a l / f l u v i a l  and 
submarine fan d e p o s i t s  a long w i th  c r i t e r i a  f o r  L i t h o f a c i e s  C p  I t  can 
be seen from t h e s e  d a ta  t h a t  conglomerates  o f  L i t h o f a c i e s  resemble  
d e p o s i t s  o f  a l l u v i a l / f l u v i a l  systems more c l o s e l y  than those  o f  
subm ar ine- fan  sys tems .
In a d d i t i o n  to  p h y s ica l  c h a r a c t e r i s t i c s  o f  L i t h o f a c i e s  C p  th e  
f a c i e s  a s s o c i a t i o n s  a r e  no t  th o se  t y p i c a l l y  found in submar ine- fan  
sys tem s .  R e p e t i t i v e  s a n d - s h a l e  u n i t s  w i th  g r e a t  l a t e r a l  c o n t i n u i t y ,
Table 5. Comparison o f  conglomerate c h a r a c t e r i s t i c s  o f  a l l u v i a l / f l u v i a l  f a n - d e l t a ,  
submarine fan ,  and l i t h o f a c i e s  C, o f  t h i s  s tudy. Data f o r  a l l u v i a l / f l u v i a l  fan -  
d e l t a  and submarine fan from Hein (1984).
C riter ia  A l lu v ia l /F lu v ia l -  Submarine Fan L ith o fac ies  C.
Fan Delta
Grading in Avg. 74% ungraded, 10% normally
Conglomerates graded, 16% in verse ly  graded
Avg. 29% ungraded, 61% normally 
graded, 4% in v erse ly  graded
67% ungraded, 30% normally 
graded, 3% in v er se ly  graded
Texture o f  Mostly c l a s t  supported (some
Conglomerates matrix supported in arid -reg ion
fans)
Matrix supported in s lop e  and 
very proximal submarine feeder  
channels , otherwise c l a s t  
supported
Mostly c l a s t  supported
Sedimentary
Structures
Mostly massive to  crude hor i­
zontal bedding in coarse  
conglomerate. Planar tabular 
cross-bedding common on gravel  
bars. Horizontal s t r a t i f i c a t i o n  
shown by layers o f  d i f fe r e n t  
c l a s t  s i z e s  and/or la y er  with  
c la s t-su p p o rted ,  m a t r ix - f i l le d  
texture  a ltern a t in g  with open 
work texture
Slump and fo ld  s tra ta  in 
proximal s lope and feeder  
channel d ep osits  with massive 
to  graded conglomerate. Planar 
tabular cross-bedding very 
rare. Horizontal s t r a t i f i c a ­
t io n  shown by layers o f  d i f f ­
erent c l a s t  s i z e s  and/or layers  
with c las t-supported  texture  
a ltern a t in g  with c la s t -d i sp e r se d  
tex tu re
Coarse conglomerate mostly  
massive. Planar tabular  
cross-bedding common. Hori­
zontal s t r a t i f i c a t i o n  mostly  
la yers  o f  c la s t-su p p o rted ,  
m a t r ix - f i l l e d  conglomerate 
of d i f f e r in g  grain s i z e
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common in  th e  mid- and o u t e r - f a n  r e g io n s  o f  submarine f a n s ,  a r e  not 
p r e s e n t .  Recognizable  l e v e e  and overbank d e p o s i t s  a r e  no t  a s s o c i a t e d  
wi th  t h e  conglomerates  o f  L i t h o f a c i e s  C^. No slump s t r u c t u r e s  were 
seen .  I n te r c h a n n e l  a r e a s  on submarine fans  a re  c h a r a c t e r i z e d  by very  
t h i n  and even ly  bedded sands tones  a l t e r n a t i n g  w i th  g r e a t e r  amounts of  
in te rb e d d ed  mudstone (Nelson and N i l s e n ,  1974) and t h i s  a s s o c i a t i o n  i s  
no t  p r e s e n t  in t h e  Fig Tree  cong lom era tes .  Sedimentary  f e a t u r e s  common 
to  sands tones  o f  submarine fans  bu t  a b se n t  in t h e  s ands tones  a s s o c i a t e d  
w i th  t h e  conglomerates  o f  L i t h o f a c i e s  in c lu d e  complete  Bouma 
seq u en ces ,  d e -w a te r in g  s t r u c t u r e s ,  abundant s u b s t r a t a !  mark ings ,  and 
h ig h ly  c o n t o r t e d  beds .  The coarsen ing-upward  n a tu r e  o f  th e  sequence 
a long w i th  i t s  ex t rem ely  c o a r s e  g r a i n - s i z e  i n d i c a t e  d e p o s i t i o n  in a 
p rox im al ,  p rograd ing  a l l u v i a l - f l u v i a l  system.
Figure  25 shows a p o r t i o n  o f  t h e  cong lom era t ic  sequence t h a t  
e x h i b i t s  t h r e e  up w ard - f in in g  sequences .  L a rg e - s c a l e  abandonment o f  a 
b ra id ed  a l l u v i a l  t r a c t  w i l l  form sequences  such as  t h e s e  (Nemec and 
S t e e l ,  1984).  However, ve ry  l a r g e  f lo o d  sequences ,  e s p e c i a l l y  in 
pre-Devonian s e t t i n g s ,  because  o f  t h e  absence  o f  v e g e t a t i o n ,  may a l s o  
form f in ing -upw ard  f a c i e s  sequences  on a s c a l e  o f  s e v e ra l  to  t e n s  of  
meters  (Nemec and S t e e l e ,  1984).  S i m i l a r  sequences  have been d e sc r ib e d  
by Heward (1978) and were i n t e r p r e t e d  as  mid-fan  lobe  d e p o s i t s .  The 
f a c i e s  sequence o f  Heward (1978) beg ins  w i th  c o a r se  u n s t r a t i f i e d  o r  
c ru d e ly  s t r a t i f i e d  conglomerate  r e s t i n g  u s u a l l y  w i th  an e ro s io n a l  
c o n t a c t  on u n d e r ly in g  f i n e r - g r a i n e d  sed im en ts .  Over ly ing  the  c o a r se  
conglomerate  i s  a sequence o f  f i n e r  g r a i n e d ,  h o r i z o n t a l l y  s t r a t i f i e d  or  
l o c a l l y  p l a n a r  t a b u l a r  c r o s s - s t r a t i f i e d  cong lom era te ,  w i th  t h i n  
sands tone  beds o c c u r r in g  th ro u g h o u t .
meters
c r u d e l y  h o r i z o n t a l l y  
s t r a t i f i e d  c o n g lo -  
(2) m era te  w i th  i n t e r ­
bedded san d s to n e
c r o s s - s t r a t i  f i e d  
cong lom era te
c r u d e l y  h o r i z o n t a l l y  
(2) s t r a t i f i e d  c o n g lo ­
mera te  w i th  i n t e r ­
bedded san d s to n e
40 -
■ ■’ ■ P* vq
o to bo.~*o -oo.y
d u n s t r a t i f i e d
c o a r s e  co n g lom era te
sand 4 8cm
Fig .  25. A -  Three f i n i n g  upward c y c l e s  r e p r e s e n t i n g  channel  
f i l l  s eq u en ces .  B - D e ta i l e d  s e c t i o n  o f  a p o r t i o n  
o f  A showing complex v e r t i c a l  and l a t e r a l  l i t h o l o g i c  
a s s o c i a t i o n s .  Fac ie s  1 -  low r e l i e f  l o n g i t u d i n a l  b a r ;  
Fac ie s  2 -  to p s  o f  l o n g i t u d i n a l  ba rs  and i n t e r b a r  
c h a n n e l s ;  Fac ie s  3 -  t r a n s v e r s e  b a r s .  Measured 
p a r t i a l  s e c t i o n  31.
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Not a l l  f a c i e s  sequences  in  t h e  Fig Tree conglom era tes  a r e  as  well 
developed as  th o se  in  F ig .  25. Much o f  th e  upper p o r t i o n  o f  the  
cong lom era t ic  sequence i s  mass ive  o r  c r u d e ly  s t r a t i f i e d  conglomerate  
t h a t  d i s p l a y s  poo r ly  developed bedding .  D eb r i s - f lo w  d e p o s i t s  a re  
recogn ized  by th e  p re sen ce  o f  i n v e r s e  g rad in g  and make up a small 
p ro p o r t i o n  o f  L i t h o f a c i e s  C1 (F ig .  24 ) .  Most o f  th e  Fig Tree 
conglomerates  a r e  c l a s t  s u p p o r t e d ,  and in  t h e  absence o f  i n v e r s e  
g rad ing  th e  d i s t i n c t i o n  between c l a s t - s u p p o r t e d  d e b r i s - f l o w  d e p o s i t s  
and " f l a s h y " ,  ephemeral s t ream  flow d e p o s i t s  i s  d i f f i c u l t  t o  make.
Nemec and S tee l  (1984) r e c o g n ized  t h i s  problem and l i s t  a number o f  
c r i t e r i a  to  he lp  make t h i s  d i s t i n c t i o n .  These in c lu d e  w idespread  c l a s t  
i m b r i c a t i o n ,  ev idence  o f  s co u r in g  o r  c h an n e l i z ed  f low ,  vague to  
d i s t i n c t  s t r a t i f i c a t i o n ,  and l a c k  o f  w e l l - d e f i n e d  bedding .  I t  should  
be n o ted ,  however,  t h a t  " f l a s h y "  d e p o s i t s  may c l o s e l y  re semble  th o s e  o f  
f l u i d a l  s e d i m e n t - g r a v i t y  flows o r  t u r b u l e n t  a n d /o r  su rg in g  d e b r i s  f lows 
(Nemec and S t e e l ,  1984).  Another c r i t e r i o n  t h a t  can be used to  
d i s t i n g u i s h  t h e s e  two ty p es  o f  d e p o s i t s  i s  o r i e n t a t i o n  o f  th e  long a x i s  
o f  c l a s t s ,  bu t  t h e  n a tu r e  o f  most o f  t h e  o u tc ro p s  in  th e  Fig Tree 
co n g lo m era te s ,  combined w i th  a predominance o f  d i s c o i d  shaped c l a s t s  
p reven ted  c o l l e c t i o n  o f  such d a t a .
Evidence i n d i c a t e s  t h a t  ephem era l ,  f l a s h - f l o o d  d e p o s i t i o n  took 
p la ce  on th e  Fig Tree a l l u v i a l  f a n .  The co a r se n es s  o f  t h e  u n i t ,  
genera l  absence  o f  mud, w idespread  i m b r i c a t i o n ,  and abundance o f  
c h a n n e l i z a t i o n  f e a t u r e s  s u g g e s t  v igo rous  bedload t r a n s p o r t .  The sandy 
p o r t i o n s  o f  L i t h o f a c i e s  C p  when no t  a s s o c i a t e d  with  a g rave l  bed,  a r e  
a lmos t  e x c l u s i v e l y  f l a t  l am ina ted  o r  m ass ive ,  w i th  l o c a l l y  developed 
c r o s s - l a m in a t e d  t o p s .  These s an d s to n es  a re  i n t e r p r e t e d  as
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h y p e rc o n ce n t ra te d  f l o o d - f l o w ,  o r  HFF, d e p o s i t s  (Smith ,  1986).  This 
term i s  p r e f e r r e d  over  t h e  o l d e r  te rm ,  s h e e t f l o o d  d e p o s i t s ,  because 
s h e e t f l o o d s  a re  de f ined  as e s s e n t i a l l y  unchanneled t h i n  flows o f  
s ed im en t - lad en  w a te r .  I t  i s  no t  always p o s s i b l e  to  de te rm ine  how 
"channe l ized"  a d e p o s i t  was,  bu t  more im p o r t a n t l y ,  h y p e rc o n ce n t ra te d  
f lo o d - f lo w  (HFF) i s  a p rocess  te rm ,  r e f e r r i n g  t o  h ig h - d i s c h a r g e  flows 
in  which n e i t h e r  t u r b u l e n c e  i s  the  lone  sediment su p p o r t  ag en t  nor in 
which d e p o s i t i o n  occurs  en masse.  This term emphasizes r a p id  t r a n s p o r t  
and d e p o s i t i o n  o f  sedim ent dur ing  high sed iment and w a te r  d i s c h a rg e  
e v e n t s .  Smith (1986) p o i n t s  ou t  t h a t  t h i s  type  o f  d e p o s i t i o n  i s  
p robab ly  im por tan t  in  a r e a s  where high sed iment loads  a r e  e p i s o d i c a l l y  
in t roduced  i n t o  f l u v i a l  sy s tem s ,  such as a l l u v i a l  fans  and th e  proximal 
p o r t i o n s  o f  b ra id ed  s t r e a m s .  These ephemeral f lows u s u a l l y  develop  
under upper- f low  regime c o n d i t i o n s  and may cover  a few t o  10 km (Rahn, 
1967; B u l l ,  1972).  Sand-dominated h y p e rc o n ce n t ra te d  f lo o d - f lo w  
d e p o s i t s  a r e  c h a r a c t e r i z e d  by th e  dominance o f  h o r i z o n ta l  
s t r a t i f i c a t i o n ,  w i th  th e  r a r e  p resence  o f  c ro s s - b e d d in g .  P a r a l l e l  
lam in a t io n  i s  t h e  major  s t r a t i f i c a t i o n  type  in many d e p o s i t s  d e sc r ib e d  
as being o f  " s h e e t f l o o d "  o r i g i n  (McKee e t  a l . ,  1967; S c o t t  and G rav lee ,  
1968; F r o s t i c k  and Reid,  1977; Schramm, 1981; Tunbr idge ,  1981; 
B a l l a n c e ,  1984; Wel ls ,  1984; van Der Muelen,  1986). Galloway and 
Hobday (1983) su g g es t  t h a t  th e  sed im entary  reco rd  o f  a " f l a sh y "  
d e p o s i t i o n a l  system may be dominated by d e p o s i t s  formed d u r ing  high 
sedim ent and w a te r  d i s c h a r g e  e v e n t s .  Ba l lance  (1984) documents 
" sh ee t f lo o d -d o m in a ted "  a l l u v i a l  fans  o f  t h e  Miocene o f  c e n t r a l  
C a l i f o r n i a .
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Gravel may be moved and d e p o s i t e d  by HFF p ro c e s se s  bu t  r e c o g n i t i o n  
o f  such d e p o s i t s  i s  d i f f i c u l t  as they  c l o s e l y  resemble  t h e  d e p o s i t s  o f  
l o n g i t u d i n a l  ba rs  (B a l l a n c e ,  1984).  Smith (1986) documents HFF grave l  
d e p o s i t s  w i th  long axes o f  c l a s t s  o r i e n t e d  p a r a l l e l  to  f low ,  u n l ik e  
f l o w - p e rp e n d ic u la r  o r i e n t a t i o n  t y p i c a l  o f  l o n g i t u d i n a l  b a r s .  As 
p re v io u s ly  mentioned ,  lo n g - a x i s  o r i e n t a t i o n  measurements were not a b le  
to  be t a k e n .  HFF-deposited grave l  i s  no t  n e c e s s a r i l y  well  s t r a t i f i e d ,  
bu t  shows some ev idence  o f  gradual a c c r e t i o n ,  such as i n t e r n a l  p a r t i n g s  
and l a t e r a l  and v e r t i c a l  v a r i a t i o n s  in  g r a in  s i z e  and s o r t i n g  (Wel ls ,  
1984).  The m a t r ix  i s  mostly  sand ,  c ro s s -b e d d in g  i s  uncommon, but some 
normal g rad ing  may occur  (W el ls ,  1984; S m i t h ,1986). Wells (1984) has 
a l s o  demonst ra ted  t h a t  t h e r e  i s  no c o r r e l a t i o n  between bed th ic k n e s s  
and maximum p a r t i c l e  s i z e  in g r a v e l l y  s h e e t f l o o d  and s h e e t  d e b r i s - f l o w  
d e p o s i t s .  Abundant HFF d e p o s i t i o n  may be r e l a t e d  to  th e  absence o f  
v e g e t a t i o n ,  which in tu r n  means a lack  o f  w a te r  and s ed im e n t - s to r a g e  
c a p a c i t y  (Schumm, 1968). This would lead  t o  an immediate response  to  
storms in th e  form o f  f l a s h  f l o o d s .  In the  Archean,  sediment  
t r a n s p o r t a t i o n  on a l l u v i a l  fans  would p robab ly  have been c h a r a c t e r i z e d  
by s t r o n g l y  f l u c t u a t i n g  d i s c h a rg e s  because o f  th e  absence o f  v e g e t a t i o n  
(Schumm, 1968).
A l l u v i a l - f a n  d e p o s i t s  a r e  i d e a l l y  d i v i s i b l e  i n t o  p rox im al ,  
m id - fan ,  and d i s t a l  a s s o c i a t i o n s  (McGowan and G roa t ,  1971).  In an 
id ea l  sequence c o a r se  conglomera te  o f  t h e  proximal fan  i s  d e p o s i t e d  by 
both d e b r i s - f l o w  and s treamflow p r o c e s s e s .  The mid-fan a rea  c o n s i s t s  
o f  e x t e n s iv e  w a t e r - l a i d  conglomera te  and san d s to n e .  The d i s t a l  fan 
u s u a l l y  i s  composed o f  sand-  and s i l t - s i z e d  sed im ents  showing p a r a l l e l  
bedding ,  p l a n a r  c r o s s - s t r a t i f i c a t i o n ,  and t rough  c r o s s -b e d d in g .  This
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i d e a l  sequence may show s t r o n g  v a r i a t i o n s ,  depending on p r o p o r t i o n s  o f  
w a t e r - l a i d  and d e b r i s - f l o w  d e p o s i t s  which in  t u r n  a r e  dependent upon 
c l i m a t e ,  n a tu re  o f  source  t e r r a n e ,  and p rox im i ty  o f  the  fan  t o  a nearby 
body o f  w a te r .  The p i c t u r e  now emerging o f  a l l u v i a l  fans  i s  t h a t  o f  a 
d i v e r s e  and complex d e p o s i t i o n a l  system t h a t  may be p redominant ly  
c o a r s e -  o r  f i n e - g r a i n e d ,  and may be dominated by a p a r t i c u l a r  s t y l e  
o f  s ed im en ta t io n  ( e . g .  B a l l a n c e ,  1984).  Only r e c e n t l y  have models been 
proposed f o r  a l l u v i a l  fan  s e d im e n ta t io n  (M ia l1 , 1977, 1978) ,  and i t  is  
becoming c l e a r  t h a t  many a n c i e n t  fans  a r e  no t  e a s i l y  p igeonholed  i n to  
one o f  t h e s e  models.
The i n f e r r e d  a l l u v i a l  sequence o f  th e  Fig Tree Group does no t  
d i s p l a y  a w e l1-deve loped  d i s t a l  f a c i e s  w i th  abundant c ross -bedded  
san d s to n e .  The a l l u v i a l  p o r t i o n  o f  t h e  Fig Tree i s  composed 
p redom inan t ly  o f  conglomerate  which has c h a r a c t e r i s t i c s  s i m i l a r  t o  
th o s e  seen in  th e  proximal and mid-fan  reg ions  o f  an a l l u v i a l  fan 
(Table  5) and t h a t  have been r e p o r t e d  from both modern (Hooke, 1967; 
B u l l ,  1972; Schramm, 1981) and a n c i e n t  (Heward, 1978; Daily  e t  a l . ,  
1980; S a i l e r  and D ick inson ,  1982; B a l l a n c e ,  1984; Kerr ,  1984; and many 
o t h e r s )  a l l u v i a l  fan s e t t i n g s .
On th e  b a s i s  o f  a po o r ly  developed r e c o g n iz a b le  d i s t a l  a l l u v i a l  
fan  f a c i e s ,  and on th e  b a s i s  o f  t h e  subaqueous n a tu r e  o f  th e  u n de r ly ing  
and in te rb ed d ed  rocks  o f  fo rm at ion  B, i t  i s  proposed t h a t  the  a l l u v i a l  
fan  was p rograd ing  i n t o  a nearby body o f  w a te r .  This type  o f  a l l u v i a l  
fan  i s  termed a f a n - d e l t a  (Holmes, 1965; McGowan, 1970).
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Fan Del ta  Model
I d e a l l y ,  a f a n - d e l t a  d e p o s i t  w i l l  c o n ta in  e i t h e r  f o s s i l  ev idence  
i n d i c a t i n g  t h a t  subaqueous sediments  i n t e r t o n g u e  w i th  a l l u v i a l  
s ed im en ts ,  o r  s ig n s  o f  wave o r  t i d a l  a c t i o n  i n d i c a t i n g  a t r a n s i t i o n  
from s u b a e r i a l  to  subaqueous d e p o s i t i o n .  However, n e i t h e r  o f  t h e se  
c r i t e r i a  need be mandatory .  F l u v i a l l y  dominated f a n - d e l t a s  may lack  
w e l l -d ev e lo p ed  t r a n s i t i o n a l  f a c i e s ,  and Archean-age rocks  w i l l  c o n ta in  
no u se fu l  f o s s i l s .  In th e  former  c a s e ,  channel-mouth  and f a n - s u r f a c e  
p ro c e sse s  w i l l  dominate  t h e  sed im en ta ry  r e c o r d .  According to  Rust and 
Koster  (1984) th e  d e l t a i c  c o n n o ta t io n  i s  m is le ad in g  because  fans  a r e  
dominated by t e r r e s t r i a l  p r o c e s s e s .  Rust and K oste r  (1984) f u r t h e r  
s t a t e  t h a t  c o a r se  g ra in e d  f a n - d e l t a s  a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  
from com ple te ly  s u b a e r i a l  f a n s .  N e v e r t h e l e s s ,  th e  term f a n - d e l t a  w i l l  
be used in t h i s  d i s c u s s i o n .
A sed im enta ry  accum ula t ion  o f  i n f e r r e d  f a n - d e l t a  o r i g i n  has 
a l l u v i a l  fan  d e p o s i t s  in  i t s  upper p o r t i o n  and d e l t a  f r o n t / d e l t a  s lo p e  
d e p o s i t s  in i t s  lower p a r t s .  Although the  d e l t a i c  n a tu r e  o f  a 
f a n - d e l t a  may no t  be c l e a r l y  d em o n s t rab le ,  however,  one should  be a b le  
to  show e i t h e r  p r o g r a d a t io n  o f  a l l u v i a l  fan  sediments  i n t o  a nearby 
body o f  w a te r ,  o r  show i n t e r f i n g e r i n g  o f  a l l u v i a l  w i th  subaqueous 
sed im en ts .
L i t h o f a c i e s  Cj,  th e  con g lo m era t ic  sequence ,  has been i n t e r p r e t e d  
as forming in  an a l l u v i a l  fan  s e t t i n g .  The c o a r se n e s s  o f  th e  
conglomerate  i n c r e a s e s  u p - s e c t i o n ,  which s u g g es t s  t h e  system was 
p r o g r a d a t i o n a l . The o ccu r rence  o f  conglomerate  in te rb e d d ed  with  
f i n e - g r a i n e d  rocks  o f  L i t h o f a c i e s  i n d i c a t e s  t h a t  t h e s e  two
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l i t h o f a c i e s  were s i d e - b y - s i d e ,  and most l i k e l y  t h a t  th e  a l l u v i a l  fan 
was b u i ld in g  ou t  i n t o  a nearby  body o f  w a te r .  This  i n t e r b e d d in g  could  
be due to  e i t h e r  i n t r a b a s i n a l  o r  e x t r a -  basi rial  p ro c e s s e s  such as w a te r  
l e v e l  changes ,  t e c t o n i s m ,  o r  a v u l s i o n  o f  f l u v i a l  c h a n n e l s .  The 
r e l a t i v e  c o n t r i b u t i o n  o f  any o r  a l l  o f  t h e s e  p ro c e sse s  canno t  be 
e v a lu a t e d  a t  the  p r e s e n t  t im e .
F igure  26 shows two s t r a t i g r a p h i c  columns o f  fo rm a t ions  B and C 
along w i th  t h e  proposed d i v i s i o n  i n t o  d i f f e r e n t  f a n - d e l t a  env i ronm ents .  
The proximal s u b a e r i a l  fan  i s  e a s i l y  i d e n t i f i e d  by th e  c o a r se n e s s  o f  
th e  c l a s t s ,  th e  abundance o f  c h a n n e l i z a t i o n  f e a t u r e s ,  t h e  o v e r a l l  high 
energy o f  th e  system and the  genera l  s i m i l a r i t i e s  o f  th e  sequence with  
c o a r se  a l luv ium  found in th e  proximal re g io n s  o f  a l l u v i a l  fan  systems 
(column B, F ig .  26) .
The lower s u b a e r i a l  fan  has f i n e r  g ra in e d  conglomerate  than  th e  
proximal fan  and c o n ta i n s  a h ig h e r  pe rcen tag e  o f  s ands tone  beds .  Lower 
fan  d e p o s i t s  show p la n a r  t a b u l a r  c r o s s - s t r a t i f i c a t i o n  and h o r i z o n t a l  
l a y e r i n g  o f  p e b b le s .
Beneath th e  i n f e r r e d  low er - fan  f a c i e s  a r e  th e  subaqueous d e p o s i t s  
o f  fo rm at ion  B (F ig .  26,  column B). There i s  no t  a w e l l -d e v e lo p e d  
s u b a e r i a l - t o - s u b a q u e o u s  t r a n s i t i o n  f a c i e s  such as i d e n t i f i a b l e  beach 
d e p o s i t s  o r  channel mouth ba r  complexes.  This subaqueous zone i s  
i n f e r r e d  to  be d e l t a  f r o n t  and p o s s i b l y  d i s t a l  fan ( f o r  th e  upper 
p o r t i o n )  d e p o s i t s .  The reasons  f o r  a s s ig n in g  a p o s s i b l e  d i s t a l  fan  
f a c i e s  t o  th e  upper p o r t i o n  o f  t h i s  zone i s  as fo l l o w s .
Sandstone  o f  L i t h o f a c i e s  B£ commonly u n d e r l i e s  conglomerate  
sequences  (F ig .  18) .  These sands tones  show ev idence  o f  d e p o s i t i o n  from 
a c u r r e n t  o f  waning e n e rg y ,  w i th  massive or  normally  graded l a y e r s
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Fig.  26.  Generalized s t r a t i g r a p h i c  p r o f i l e s  o f  the  two main s t r u c t u r a l  zones o f  
the  Fig Tree Group showing o rg a n iz a t io n  in to  su b ae r ia l  and subaqueous sequences.  
See F i g . 19 f o r  symbol exp lana t ion .  Column A i s  SZ-1 and column B i s  SZ-2.
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o v e r l a i n  by f l a t - l a m i n a t e d  l a y e r s  and l o c a l l y  c r o s s - l a m i n a t e d  zones .  
This  sequence o f  sed im en ta ry  s t r u c t u r e s  can be produced from t u r b i d i t y  
c u r r e n t  d e p o s i t i o n  bu t  can a l s o  be formed from s h e e t f lo o d  p r o c e s s e s .  
Some workers  (Long, 1981; B a l l a n c e ,  1984) have sugges ted  t h a t  
s h e e t f l o o d s  may evo lve  i n t o  t u r b i d i t y  c u r r e n t s  when the  flows e n t e r  the  
w a te r  and become t u r b u l e n t .  The s e d i m e n t - g r a v i ty - f lo w  d e p o s i t s  o f  
L i t h o f a c i e s  a r e  i n f e r r e d  to  r e p r e s e n t  subaqueous c o n t i n u a t i o n s  of 
s u b a e r i a l  s h e e t f l o o d s .  Thus t h e  proposed d i s t a l  f a n / d e l t a  f r o n t  
sands tones  may r e p r e s e n t  very  n e a r  shore  c o n t i n u a t i o n s  o f  s h e e t f l o o d  
d e p o s i t s .
Conglomerate beds a r e  in te rb e d d ed  w i th  sands tone  and s i l t s t o n e .  
These conglomerates  a r e  s e p a r a t e d  from th e  p ro x im a l - fan  conglomera tes  
by a t h i c k  sequence o f  s i l t s t o n e s .  These lower conglomerates  a re  
i n t e r p r e t e d  as a fan lobe b u i ld in g  i n t o  t h e  i n f e r r e d  d e l t a - f r o n t  zone 
and p o s s i b l y  forming s u b a e r i a l  o r  subaqueous mouth ba rs  in  th e  
p rograd ing  f a n .  Kle inspehn e t  a l . (1984) d e s c r ib e d  a s i m i l a r  sequence 
in  l a t e  Pa leozo ic  f a n - d e l t a s  o f  w es te rn  S p i t z b e rg e n .
P r e s e n t  w i th in  t h e  i n f e r r e d  d e l t a - f r o n t  zone a re  f i n e - g r a i n e d  
sands tones  w i th  l a r g e - s c a l e  low ang le  c r o s s - s t r a t i f i c a t i o n ,  which a re  
i n t e r p r e t e d  as forming from m ig r a t in g  low ampl i tude  sand waves.  The 
c u r r e n t s  which g e n e r a te d  t h e s e  sand waves may have been r e l a t e d  to  
pro longed r i v e r  f lo o d  e v e n t s .  I n t e r f i n g e r i n g  o f  conglomera te  and 
s i l t s t o n e  im p l ie s  s i d e - b y - s i d e  d e p o s i t i o n a l  environments  and i t  seems 
l i k e l y  t h a t  th e  f l u v i a l  p ro c e s s e s  o p e r a t in g  on th e  fan would i n f l u e n c e  
n e a r sh o re  subaqueous p ro c e s s e s  in  a q u i e t  body o f  w a te r .  T o r r e n t i a l  
f lo o d s  would b r in g  l a r g e  q u a n t i t i e s  o f  sed iment i n t o  the  b a s in  and 
g e n e r a te  m odera te ly  s t r o n g  n e a r sh o re  c u r r e n t s  as well as t u r b i d i t y
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c u r r e n t s ,  which could  then  d i s t r i b u t e  f i n e - g r a i n e d  sedim ent to  the  
deeper  p o r t i o n s  o f  th e  b a s in .
Column A in  F ig .  26 does not have any proximal s u b a e r i a l - f a n  
d e p o s i t s .  The d i v i s i o n s  between d e l t a  f r o n t ,  p r o d e l t a ,  and b a s in  a re  
n o t  e a s i l y  d i l i n e a t e d .  There a r e  more numerous and c o a r s e r  sands tone  
and b r e c c i a  beds in te rb e d d ed  w i th  th e  s i l t s t o n e s  in  the  upper p o r t i o n  
o f  th e  sequence ,  i n d i c a t i n g  more proximal d e p o s i t s  in  th e  upper 
p o r t i o n .  There i s  no c l e a r  i n d i c a t o r  o f  a r e c o g n iz a b le  s l o p e ,  such as 
numerous slump f o l d s .  The l a r g e  slump d e p o s i t  o f  s i l t s t o n e - c l a s t  
b r e c c i a s  in the  e a s t e r n  p o r t i o n  o f  th e  s tudy  a re a  ( see  L i t h o f a c i e s  
d e s c r i p t i o n )  may be ev idence  f o r  a s l o p e .
P r o d e l t a  sediments  a r e  found in  th e  lower p o r t i o n  o f  t h e  sequence 
in  column A o f  F ig .  26.  This  p o r t i o n  o f  t h e  sequence c o n ta i n s  abundant 
t h i n ,  w h i te -w e a th e r in g  c h e r t  l a y e r s ,  fewer o f  th e  t h i n  sands tone  beds 
than t h e  rocks  above i t ,  and has an o v e r a l l  f i n e r - g r a i n e d  c h a r a c t e r  
than th e  i n f e r r e d  d e l t a - f r o n t / d e l t a - s l o p e  sediments  in  t h e  o v e r ly in g  
rocks .
T ran sp o r t  o f  sedim ent to  th e  p r o d e l t a  reg ion  o f  th e  f a n - d e l t a  
system was by suspension  s ed im en ta t io n  and p o s s i b l y  by d i l u t e  t u r b i d i t y  
c u r r e n t s .  Weak bottom c u r r e n t s  g e n e r a te d  from c i r c u l a t i o n  p a t t e r n s  may 
have caused s l i g h t  reworking o f  t h e  f i n e - g r a i n e d  sediment bu t  the  
o v e r a l ; energy o f  th e  envi ronment was low. Very d i l u t e ,  t h i n  t u r b i d i t y  
c u r r e n t s  and lo w - v e lo c i ty  t r a c t i v e  c u r r e n t s  have been c i t e d  as the  
primary d e p o s i t i o n a l  a g en ts  f o r  i n t e rb e d d ed  s i l t s t o n e  and f i n e  
sands tone  in  a n c i e n t  f a n - d e l t a  f r o n t  and p r o d e l t a  d e p o s i t s  in the  North 
Sea (Stow, 1982; K ess le r  and Moorhouse, 1984).  The p r o d e l t a  reg ion  of  
th e  Fig Tree f a n - d e l t a  behaved e s s e n t i a l l y  the  same as  any low-energy
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b a s in  w i th  w a te r  dep ths  below wave b ase .  F igure  27 shows 
r e p r e s e n t a t i v e  s t r a t i g r a p h i c  columns from th e  i n f e r r e d  f a n - d e l t a  
sub-env i  ronm ents .
Holocene f a n - d e l t a s  and f a n - d e l t a  d e p o s i t s  have been s t u d i e d  in 
o r d e r  t o  e s t a b l i s h  th e  d a ta  base  n e ce s sa ry  f o r  e r e c t i n g  models f o r  
r e c o g n i t i o n  o f  a n c i e n t  f a n - d e l t a  d e p o s i t s  and f o r  i n f e r r i n g  
d e p o s i t i o n a l  p ro c e sse s  (McGowan, 1970; Galloway, 1976; Wescott  and 
E t h r id g e ,  1980; E th r idge  and Wescot t ,  1984).  P r e s e n t l y  t h e r e  a re  t h r e e  
b a s i c  models f o r  f a n - d e l t a s  (Wescott  and E t h r id g e ,  1980; E th r idge  and 
Wescot t ,  1984):  1) s h e l f - t y p e  model;  2) s l o p e - t y p e  model,  and; 3) 
G i l b e r t - t y p e  model. Postma and Roep (1985) have r e c e n t l y  added t o  t h i s  
with  a m o d i f i c a t i o n  o f  the  G i l b e r t - t y p e .  All t h r e e  models a r e  
coa r sen ing  upward sequences .  The s l o p e -  and s h e l f - t y p e s  b u i ld  i n t o  a 
marine environment and have w e l l -d ev e lo p ed  t r a n s i t i o n  zones c o n s i s t i n g  
o f  beach ,  t i d a l  lagoon ,  and t i d a l  channel d e p o s i t s .  The G i l b e r t - t y p e  
f a n - d e l t a  i s  found only  in  l a c u s t r i n e  and i n t r a c r a t o n i c  b a s i n s ,  and i s  
no t  n e a r ly  as  well  documented as t h e  o t h e r  two models .  Postma and Roep 
(1985) p o i n t  ou t  t h a t  the  r e c o g n i t i o n  o f  a G i l b e r t - t y p e  f a n - d e l t a  
depends on th e  p re sence  o f  a u n i t  o f  s t e e p l y  i n c l i n e d  f o r e s e t s ,  
a l though  i t s  absence  does no t  exclude  mass-f low-dominated f a n - d e l t a i c  
s ed im en ta t io n .
Table 6 l i s t s  th e  c h a r a c t e r i s t i c s  o f  th e  t h r e e  f a n - d e l t a  models o f  
E th r idge  and Wescott  (1984) a long with  th o s e  o f  th e  Fig Tree f a n - d e l t a .  
I t  can be seen t h a t  th e  Fig Tree f a n - d e l t a  does not conform well  with 
any o f  t h e s e  models .  The l e a s t  amount o f  c o r r e l a t i o n  i s  with the  
G i l b e r t - t y p e  model and th e  b e s t  c o r r e l a t i o n  i s  w i th  the  s h e l f - t y p e  
model.  The Fig Tree f a n - d e l t a  may be termed a ' h y b r i d 1 s h e l f - t y p e
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Fig .  27. R e p r e s e n t a t i v e  p a r t i a l  s t r a t i g r a p h i c  s e c t i o n s  from 
d i f f e r e n t  p o r t i o n s  o f  t h e  Fig Tree  f a n - d e l t a .  A -  p redom inan t ly  
s an d s to n e  w i th  in t e r b e d d e d  s i l t s t o n e  in  p r o d e l t a  zone ( s e c t i o n  
S - 1 4 ) ;  B -  t r a n s i t i o n  zone w i th  d e b r i s - f l o w  cong lo m era te  and 
f l u v i a l l y  d e p o s i t e d  cong lom era te  ( s e c t i o n  S - 1 7 ) ;  C and D - 
p redom inan t ly  c o a r s e ,  f l u v i a l ,  c l a s t - s u p p o r t e d  cong lom era te  from 
s u b a e r i a l  p o r t i o n s  o f  t h e  fan  ( s e c t i o n s  S - 1 0 ,S - 2 1 ) .
Table 6.  Comparison o f  f a n - d e l t a  model c h a r a c t e r i s t i c s  from Ethridge  and 
Wescott (1984) with th e  Fig Tree f a n - d e l t a  o f  t h i s  s tudy.
S l o p e - t y p e  S h e l f - t y p e  G i l b e r t - t y p e  F ig  Tree
O v e r a l l  c o a r s e n i n g  upward 
seq u e n c e  may n o t  be  w e l l  
d e v e lo p ed
Prox im al  s u b a e r i a l  f a n  -  
p o o r l y  s o r t e d ,  m ass iv e  
c o n g lo m e r a t e  i n t e r b e d d e d  
w i t h  c r - d e l y  h o r i z o n t a l l y  
bedded  c o n g lo m e ra t e  and 
c o n g l o m e r a t i c  s a n d s t o n e .  
Landward d ip p in g  im b r i c a ­
t i o n
D i s t a l  s u b a e r i a l  f a n  -  
c r u d e l y  h o r i z o n t a l l y  
b e d d e d ,  l a n d w a r d - im b r i c a  
t e d  c o n g lo m e r a t e  and 
c o n g l o m e r a t i c  s a n d s t o n e .
R are  t ro u g h  c r o s s - b e d d e d  
c o n g lo m e r a t i c  s a n d s to n e
T r a n s i t i o n  zone -  w e l l -  
s o r t e d  c o n g lo m e ra te  and 
s a n d s t o n e  w i th  h o r i z o n t a l  
b e d d in g ,  swash l a m i n a t i o n s ,  
and s e a w a r d - d i p p i n g  i m b r i ­
c a t i o n
C o a r s e - g r a i n e d  s lump d e p o s i t s  
j u s t  seaw ard  o f  t r a n s i t i o n  
zone
S lo p e  d e p o s i t s  a r e  muds and 
m a t r i x  s u p p o r t e d  c o n g lo m e ra te  
w i th  a b u n d an t  s lumps
C o a r s e n in g  upward s eq u en ce  
w e l l  d e v e lo p e d
Prox im al  s u b a e r i a l  f a n  -  
p o o r l y  b e d d e d ,  w e l l - i m b r i c a ­
t e d  p o o r l y  s o r t e d  c o a r s e  
c o n g lo m e ra t e
M id -fan  -  i m b r i c a t e d  f i n e ­
g r a i n e d  c o n g lo m e r a t e  and 
p l a n a r  c r o s s - b e d d e d  and 
h o r i z o n t a l l y  s t r a t i f i e d  
s a n d s t o n e
D i s t a l  s u b a e r i a l  f a n  -  
i n t e r b e d d e d  p l a n a r  c r o s s ­
l a m i n a t e d  and r i p p l e  d r i f t  
s a n d s t o n e .  D i s t a l  s and  may 
b e  rew orked  i n t o  s p i t s
C o a s ta l  zone may be c h a r a c ­
t e r i z e d  by b ro a d  la g o o n  w i t h  
a c t i v e  t i d a l  c h a n n e l s
O v e r a l l  s eq u en ce  i s  t h i n  
compared t o  o t h e r  two 
models
L a r g e - s c a l e  g r a v e l l y  
f o r e s e t s
R ep o r te d  o n ly  from  l a c u s ­
t r i n e  and i n t r a c r a t o n i c  
b a s i n s
C o a r s e n in g  upward  s equence  
i s  w e l l  d e v e lo p ed
Proxim al  s u b a e r i a l  f a n  -  
p o o r l y  bedded ,  a b u n d an t  im­
b r i c a t i o n ,  m o s t ly  u ng raded  
c o a r s e  c o n g lo m e ra t e
M id -fan  -  h o r i z o n t a l l y  
bedded and p l a n a r  t a b u l a r  
c r o s s - b e d d e d  f i n e  cong lom er­
a t e  and c o n g lo m e r a t i c  
s a n d s to n e
D i s t a l  s u b a e r i a l  f a n  -  
s h e e t f l o o d  d e p o s i t e d  s a n d ­
s t o n e
T r a n s i t i o n  zone  c h a r a c t e r ­
i z e d  by t u r b i d i t e s  which 
r e p r e s e n t  subaqueous  
c o n t i n u a t i o n s  o f  s u b a e r i a l  
s h e e t f l o o d s
S lo p e  and b a s i n  d e p o s i t s  
a r e  v e ry  f i n e - g r a i n e d  
s a n d s t o n e  and s i l t s t o n e
Slump d e p o s i t s  r a r e  -  i n d i ­
c a t i n g  l i t t l e  d evelopm en t  
o f  a s l o p e




f a n - d e l t a :  i t  has c h a r a c t e r i s t i c s  common to  the  s h e l f - t y p e  bu t  a l s o  has 
c h a r a c t e r i s t i c s  o f  t h e  s l o p e - t y p e  and c h a r a c t e r i s t i c s  t h a t  a r e  no t  p a r t  
o f  any o f  th e  c u r r e n t  models.  S i m i l a r i t i e s  to  s l o p e -  and s h e l f - t y p e s  
can be seen in Table  6: The c o a r se n in g  upward sequence i s  well
developed;  proximal and mid- fan  r e g io n s  d i s p l a y  f e a t u r e s  s i m i l a r  to  
those  o f  t h e  s h e l f - t y p e ;  an i n f e r r e d  slump d e p o s i t  may be i n d i c a t i v e  o f  
th e  p re sence  o f  a s lo p e  as  might  t h e  p re sence  o f  t u r b i d i t e s  in te rb ed d ed  
with  p r o d e l t a  and b a s in  d e p o s i t s .  D i f f e re n c es  between th e  Fig Tree 
f a n -  d e l t a  and th e  t h r e e  models i n c lu d e :  no w e l l -d ev e lo p ed  t r a n s i t i o n
zone with  such f e a t u r e s  as  beach o r  t i d a l  channel d e p o s i t s  and i n f e r r e d  
d i s t a l  fan d e p o s i t s  which a r e  sh ee t f lo o d -d o m in a ted .  A 
p a l e o r e c o n s t r u c t i o n  o f  t h e  Fig Tree  f a n - d e l t a  f e a t u r i n g  th e  i n f e r r e d  
r e l a t i o n s h i p  o f  th e  d i f f e r e n t  eubenvironments  i s  shown in  F ig .  28.
This system i s  one in  which a s t ream f low -  and shee t f lo o d -d o m in a ted  
a l l u v i a l  fan o r  fans  prograded i n t o  a nearby  body o f  q u i e t ,  r e l a t i v e l y  
shallow w a te r .
L i t h o f a c i e s  C£ -  V o l c a n i c l a s t i c  sequence
General C h a r a c t e r i s t i c s . The e a s t e r n  p o r t i o n  o f  t h e  s tudy  a re a  i s  
marked by th e  appearance  o f  a d i s t i n c t i v e  sequence o f  v o l c a n i c l a s t i c  
p l a g io c l a s e - p o r p h y r y  b r e c c i a s  and conglomerates  with  in te rbedded  
v o l c a n i c l a s t i c  s ands tone  ( P l a t e  I ) .  The v o l c a n i c l a s t i c  sequence 
a t t a i n s  a maximum t h i c k n e s s  o f  approx im a te ly  400 m e te r s .  The vo lcan ic  
n a tu re  o f  th e  sedim ents  i s  shown by th e  p resence  o f  pumiceous g r a i n s ,  
m ic ro p h en o cry s t i c  g r a i n s ,  v o l c a n i c  q u a r t z ,  and abundant euhedral
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p l a g i o c l a s e  g r a i n s .  A schemat ic  s t r a t i g r a p h i c  column o f  the  
v o l c a n i c l a s t i c  sequence i s  shown in  F ig .  29.
D e sc r ip t io n  and Composi t ion . Sandstones  in L i t h o f a c i e s  C2  occur  
as s e v e ra l  t h i c k  u n i t s  and as numerous t h i n n e r  beds in te rb e d d ed  with  
conglomerate  and b r e c c i a  (F ig .  29 ) .  The t h i n n e r  beds may be l a t e r a l l y  
con t inuous  f o r  only  a few o r  a few t e n s  o f  mete rs  and even th e  t h i c k e r  
beds grade  l a t e r a l l y  i n t o  e i t h e r  p la g io c l a s e - p o r p h y r y  conglomerate  or  
b r e c c i a .  Weathering o f  L i t h o f a c i e s  C2 sands tone  i s  l o c a l l y  s e v e r e ,  
producing a crumbly,  po o r ly  i n d u ra te d  rock .
V o l c a n i c l a s t i c  s an d s to n es  o f  L i t h o f a c i e s  C2 have a range o f  c o l o r s  
in c lu d in g  g ra y i s h  ye l low  (5YR 8 / 4 ) ,  y e l lo w is h  gray  (5Y7/2) ,  g r e e n i sh  
g ray  (5GY 6 / 1 ) ,  g r a y i s h  y e l lo w  green  (5GY 7 / 2 ) ,  and p a le  o l i v e  (10Y 
6 / 2 ) .  Grain s i z e  ranges  from medium-grained sands tone  to  f i n e  
cong lom era t ic  s an d s to n e ,  w i th  most beds being c o a r s e -  to  very c o a r s e ­
g ra in ed  san d s to n e s .  Gra ins  a r e  i r r e g u l a r  in  shape ,  showing l i t t l e  
e f f e c t s  o f  rounding .  Sandstones  l o c a l l y  have a s t r e a k y ,  smeared ou t  
appea rance ,  with g r a i n s  t h a t  appea r  t o  have been f l a t t e n e d ,  and a l s o  
may have f l e c k s  o f  small w h i te  g r a i n s  even ly  d i s t r i b u t e d  through the  
rock .
In hand sample g r a i n s  o f  q u a r t z  and euhedra l  p l a g i o c l a s e  can be 
reco g n ized .  Quartz never  comprises  more than  10% o f  th e  s an d s to n e ,  
whereas p l a g i o c l a s e  may l o c a l l y  make up as much as 25%.
P e t r o g r a p h i c a l l y , t h e  sands tones  o f  L i t h o f a c i e s  C2 a re  composed o f  
g r a in s  o f  c h e r t ,  q u a r t z ,  and p l a g i o c l a s e ,  w i th  minor amounts o f  i ro n  
oxide and c a l c i t e  o r  d o lo m i te .  The c h e r t  g r a i n s  have in te rgrown 
s e r i c i t e  in amounts rang ing  from <10% to  >70% with  an average  o f  about
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P o r p h y r y - c l a s t  b r e c c i a  i n t r u d e d  by 
p l a g i o c l a s e  porphyry
Covered -  p ro b a b ly  s an d s to n e
V o l c a n i c l a s t i c  s an d s to n e
V o l c a n i c - p o r p h y r y - c l a s t  conglom era te
Covered -  p ro b a b ly  s a n d s to n e .  L a t e r a l l y  
b r e c c i a  i s  exposed
V o l c a n i c l a s t i c  s an d s to n e
Volcani  c - p o r p h y r y - c l a s t  conglom era te  
w i th  s a n d s to n e  i n t e r b e d s
S e d i m e n t a r y - c h e r t - c l a s t  conglom era te
cong1o m e r a t e / b r e c c i  a
s an d s to n e
Fig .  29. G e n e ra l i z e d  s t r a t i g r a p h i c  column o f  t h e  v o l c a n i c l a s t i c  
sequence  ( L i t h o f a c i e s  C2 ) in  t h e  Fig Tree  Group. S e c t i o n  S-33 .
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30%, and l o c a l l y  c o n ta in  small  amounts o f  c h l o r i t e .  The m a t r ix  o f  th e  
sands tones  i s  c h e r t  and in te rgrown c h e r t / s e r i c i t e .  The c h e r t / s e r i c i t e  
m a t r ix  may be deformed framework g r a i n s ,  and thus  be more p ro p e r ly  
termed pseudomatr ix  (D ick inson ,  1970). Volcanic  q u a r t z  i s  recognized  
by th e  p re sence  o f  r e s o r p t i o n  embayments and p l a n a r  edges i n t e r s e c t i n g  
a t  90 and 120 d e g re e s .  P l a g i o c l a s e ,  when i t  can be i d e n t i f i e d ,  i s  
h e a v i l y  a l t e r e d  to  s e r i c i t e  o r  l e s s  commonly to  ca lc ium c a r b o n a te .  
Pumiceous g r a i n s  a r e  p r e s e n t ,  showing a f l a t t e n e d ,  v e s i c u l a r  t e x t u r e  
(F ig .  30 ) .
S i l i c i f i c a t i o n  and s e r i c i t i z a t i o n  have obscured  many t e x t u r a l  and 
com pos i t iona l  f e a t u r e s  in  L i t h o f a c i e s  C^ s a n d s to n e s .  Areas o f  c h e r ty  
s e r i c i t e  t h a t  resemble  squashed and e lo n g a t e  g r a i n s  may r e p r e s e n t  
a l t e r e d  and deformed a p h a n i t i c  v o lc a n ic  rock f r ag m en ts .  R ec tangu la r  
shaped a r e a s  o f  s e r i c i t e  and c h e r t y  s e r i c i t e  may r e p r e s e n t  a l t e r e d  
p l a g i o c l a s e  g r a i n s .
Sedimentary s t r u c t u r e s  p r e s e n t  in L i t h o f a c i e s  C^ i n c lu d e  f l a t -  
l a m i n a t i o n ,  c r o s s - l a m i n a t i o n ,  low-angle  c r o s s - s t r a t i f i c a t i o n ,  and 
f e s to o n  c r o s s - s t r a t i f i c a t i o n .  These s t r u c t u r e s  form no r e c o g n iz a b le  
c y c l e s  o r  sequences .  Small c u t  and f i l l  s t r u c t u r e s  a r e  common, 
producing f i n i n g  upward sequences .  S i n u o u s - c r e s t e d  r i p p l e  marks were 
seen a t  one l o c a l i t y  (F ig .  31 ) .
Beds o f  v o l c a n i c l a s t i c  b r e c c i a  and conglomera te  occur  as 
p redominan t ly  s t u c t u r e l e s s  l a y e r s  rang ing  in  t h i c k n e s s  from <1 m to  
u n i t s  over  8 m e te r s .  These very  t h i c k  u n i t s  may be an amalgamation o f  
s e v e ra l  beds bu t  d i s p l a y  no d i s c e r n a b l e  bedding . B recc ia s  a r e  more
87
Fig.  30.  Photomicrograph o f  pumiceous g r a i n  from sands tone  o f  
L i t h o f a c i e s  C2 . P lane  l i g h t ,  4x.  Sample 60-4.
F ig .  31. R ipple  marks in s ands tone  o f  L i t h o f a c i e s  C2 .
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common than  cong lom era te ,  compris ing  about 60-65% o f  the  c o a r se  g ra in ed  
p o r t i o n  o f  L i t h o f a c i e s  C2 .
B recc ia  and conglomerate  beds a re  poo r ly  t o  very  poo r ly  s o r t e d .  
C l a s t s  range  in  s i z e  up to  a maximum o f  approx im a te ly  20 cm in 
d i a m e te r ,  av erag ing  ap p rox im a te ly  3 to  4 cm in d ia m e te r .  The m a j o r i t y  
o f  c l a s t s  in  th e  b r e c c i a s  and conglomerates  o f  L i t h o f a c i e s  C2 a re  
composed o f  p l a g i o c l a s e  porphyry .  These porphyry c l a s t s  a r e  i d e n t i c a l  
in appearance  to  th e  mass ive i n t r u s i v e  p l a g i o c l a s e  porphyry which 
occurs  th ro u g h o u t  t h e  s tu d y  a r e a .  Other  c l a s t  ty p es  p r e s e n t  in c lu d e  
b lack  c h e r t ,  g ray  c h e r t ,  t r a n s l u c e n t  c h e r t ,  j a s p e r ,  f u c h s i t i c  ro ck ,  and 
c l a s t s  o f  ve ry  dark  green a p h a n i t i c  rock .  The m a t r ix  o f  t h e s e  b r e c c i a s  
i s  t y p i c a l l y  a l i g h t  green f i n e - g r a i n e d  ashy looking  sed im en t ,  and 
commonly c o n ta i n s  d i s p e r s e d  euhedra l  p l a g i o c l a s e  g r a i n s .
The b r e c c i a s  and conglomera tes  o f  L i t h o f a c i e s  C2 a r e  predominan t ly  
m a t r ix  s u p p o r te d .  There a r e  lo c a l  o ccu r ren ces  o f  c l a s t - s u p p o r t e d  beds 
t h a t  d i s p l a y  c u t  and f i l l  f e a t u r e s .  Crude in v e r s e  g rad ing  i s  developed 
in some o f  th e  b r e c c i a s  and conglomerates  (F ig .  3 2 ) ,  but most a re  
mass ive and s t r u c t u r e l e s s  and have a c h a o t i c  appea rance .  Bedding sags 
occur  a t  one l o c a l i t y  (F ig .  33) w i th  p e b b le - s i z e d  v o lc a n ic  c l a s t s  
s in k in g  i n t o  and deforming u n d e r ly in g  lam ina ted  sed im ent .
S e d im e n ta t io n . Sed im enta t ion  in  L i t h o f a c i e s  C2 was dominated by 
d e b r i s  f low p r o c e s s e s .  This  i s  sugges ted  by th e  p resence  o f  i n v e r s e l y  
graded b r e c c i a / c o n g lo m e ra te  beds ,  by th e  dominance o f  m a t r ix - su p p o r t e d  
u n i t s  over  c l a s t - s u p p o r t e d  u n i t s ,  and by th e  mass ive c h a r a c t e r  o f  many 
o f  th e  beds and p a u c i t y  o f  t r a c t i v e - c u r r e n t  s t r u c t u r e s .  F igure  32 i s  a 
p a r t i a l  s t r a t i g r a p h i c  column o f  a p o r t i o n  o f  t h e  v o l c a n i c l a s t i c
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M a t r ix - s u p p o r t e d  conglom era te
covered
Fine cong lom era te  and ve ry  c o a r s e - g r a i n e d  
s an d s to n e .  Channels  i n t o  u n d e r ly in g  beds.
In te rb e d d e d  s an d s to n e  and c h e r t
C oarse -  t o  ve ry  c o a r s e - g r a i n e d  i n v e r s e l y  
g raded  s an d s to n e
P o o r ly  exposed . Appears t o  be f l a t -  
l a m in a ted  s a n d s to n e .
Fes toon c r o s s - s t r a t i f i e d  s an d s to n e
F l a t - l a m i n a t e d  san d s to n e  
I r r e g u l a r  c o n t a c t
M a t r ix - s u p p o r t e d  cong lom era te  w i th  c rude  
i n v e r s e  g rad in g
c o n g l o m e r a t e /b r e c c i  a 
s an d s to n e
Fig .  32. P a r t i a l  s t r a t i  g r a p h ic  column o f  conglom era te  and s an d s to n e
in  L i t h o f a c i e s  C2 . Measured s e c t i o n  S-24.
Fig.  33. Bedding sag in  v o l c a n i c l a s t i c  sequence o f  L i t h o f a c i e s  C2 . 
Laminated sed iment  a t  arrows i s  deformed by o v e r ly in g  p ebb les .
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sequence.  A crude f i n i n g  upward t r e n d  i s  shown with  a d e b r i s - f l o w  
b r e c c i a  a t  t h e  bottom, o v e r l a i n  by f l a t - l a m i n a t e d ,  m ass ive ,  and c r o s s ­
s t r a t i f i e d  san d s to n e .  The top o f  th e  t r e n d  i s  marked by a h a l f - m e t e r  
t h i c k  sequence o f  i n t e r l a y e r e d  c h e r t  and f i n e - g r a i n e d  s a n d s to n e ,  which 
in  t u r n  i s  channeled by t h e  o v e r ly in g  conglomera te  u n i t .  This  type  o f  
sequence i s  not no t  well  developed th roughou t  t h e  v o l c a n i c l a s t i c  
sequence.  More commonly, t h e r e  may be many mete rs  o f  u n s t r a t i f i e d ,  
m a t r ix - su p p o r t e d  b re c c i a / c o n g lo m e r a t e .
The p l a g i o c l a s e - p o r p h y r y  composi t ion  o f  t h e  v o l c a n i c l a s t i c  
sequence s u g g es t s  a g e n e t i c  l i n k  between th e  v o l c a n i c l a s t i c  sequence 
and th e  i n t r u s i v e  p l a g i o c l a s e  porphyry .  P o s s ib ly  t h e  v o l c a n i c l a s t i c  
sedim ents  a r e  a s u r f a c e  e x p re s s io n  o f  th e  igneous a c t i v i t y  r e s p o n s i b l e  
f o r  th e  g e n e r a t io n  o f  the  i n t r u s i v e  porphyry.
The dominance o f  d e b r i s  f low p ro c e sse s  i n d i c a t e s  e i t h e r  u n s t a b l e  
s lo p es  o r  very  r a p id  s e d im e n ta t io n ,  o r  b o th .  I t  cannot  be s a i d  whether 
o r  no t  t h e  d e b r i s  f lows o f  th e  v o l c a n i c l a s t i c  sequence were g en e ra ted  
on th e  s lo p es  o f  a v o l c a n i c  e d i f i c e ,  bu t  c l e a r l y  the  d e b r i s  was no t  
t r a n s p o r t e d  g r e a t  d i s t a n c e s .  Most o f  th e  c l a s t s  a re  ve ry  a n g u la r  and 
obv ious ly  have no t  t r a v e l e d  f a r .  The in c l u s i o n  o f  c h e r t  c l a s t s  
s u g g es t s  t h a t  u p l i f t  e i t h e r  exposed bedded c h e r t s  which were then 
e roded ,  o r  t h a t  o l d e r  c o a r se  sed im en ta ry  beds were reworked. The 
f u c h s i t i c  c l a s t s  may have a x e n o l i t h i c  o r i g i n .  They a re  very  a n g u la r  
and p o s s ib ly  were in c o r p o r a t e d  i n t o  th e  v o l c a n i c l a s t i c  d e b r i s  dur ing  
e r u p t i o n .
The v o l c a n i c l a s t i c  rocks  o f  L i t h o f a c i e s  o f  th e  Fig Tree Group 
r eco rd  a major magmatic e p i s o d e ,  p o s s ib ly  th e  l a s t  such a c t i v i t y  in  th e  
e v o lu t io n  o f  the  Barber ton  g reen s to n e  b e l t .
DIAGENESIS AND METAMORPHISM
Much o f  th e  o r i g i n a l  minera logy  o f  t h e  Fig Tree Group sed im en ta ry  
rocks  has been a l t e r e d  o r  o b l i t e r a t e d  by s i l i c i f i c a t i o n ,  metasomatism,  
and low-grade metamorphism. A l t e r a t i o n  has in  many cases  p re se rv ed  
o r i g i n a l  g r a in  t e x t u r e  and sed im en ta ry  s t r u c t u r e s ,  w h i le  g e n e r a t in g  an 
e n t i r e l y  new m ine ra logy .  This  d i s c u s s i o n  w i l l  o u t l i n e  t h e  major  
a l t e r a t i o n  e f f e c t s ,  e s p e c i a l l y  s i l i c i f i c a t i o n .
A l t e r a t i o n . The type  o f  a l t e r a t i o n  and a l t e r a t i o n  p roduc ts  v a r i e s  
wi th  g r a in  t y p e s .  D e t r i t a l  megaquartz  g r a i n s  remain e s s e n t i a l l y  
u n a l t e r e d .  Quartz  g r a i n s  do no t  show s t r a i n  e f f e c t s  such as undulose 
e x t i n c t i o n  o r  g r a i n  s u t u r i n g  and c ru s h in g .
Recognizable  d e t r i t a l  f e l d s p a r  g r a i n s  a r e  ex t rem ely  r a r e  in Fig 
Tree  sed im enta ry  rocks  o f  t h i s  s tu d y .  Only a few g r a i n s  o f  p l a g i o c l a s e  
and o r t h o c l a s e  were seen in  exam inat ion  o f  over  40 t h i n  s e c t i o n s .  Most 
sands tones  a r e  now composed o f  c h e r t  and m i c r o c r y s t a l l i n e  
p h y l l o s i l i c a t e ,  main ly  s e r i c i t e .  The p o s s i b i l i t y  e x i s t s  t h a t  some of  
t h e s e  g r a i n s  were o r i g i n a l l y  f e l d s p a r .  R e l i a b l e  i n d i c a t o r s  such as 
euhedra l  o r  l a t h - l i k e  morphologies  were no t  n o ted ,  w i th  most g r a i n s  
having i r r e g u l a r ,  subrounded to  subangu la r  shapes .  V o l c a n i c l a s t i c  
g r a i n s  in  L i t h o f a c i e s  A2 do ,  however, c o n t a i n  r e c o g n iz a b l e  subhedra l  
and euhedral  c h e r t  pseudomorphs which can be i d e n t i f i e d  as  f e l d s p a r  by 
g r a i n  morphology (F ig .  9 a ) .  I t  i s  a p p a r e n t  t h a t  f e l d s p a r  g r a i n s  may be 
com ple te ly  r e p la c e d  by c h e r t - s e r i c i t e  mosaic and t h a t  such g r a i n s  may 
be u n r e c o g n iz a b le ,  bu t  p r e s e n t ,  in Fig Tree s a n d s to n e s .  The p a u c i t y  o f  
subhedra l  and euhedra l  g r a i n s  su g g es t s  t h a t  f e l d s p a r  i s  an 
i n s i g n i f i c a n t  component o f  Fig Tree sed im enta ry  ro c k s .
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Grains  o f  known v o l c a n i c l a s t i c  o r i g i n  ( e . g .  L i t h o f a c i e s  Ag) 
undergo s e v e ra l  types  o f  a l t e r a t i o n .  Most commonly th e  a l t e r e d  g r a i n s  
a r e  a micromosaic o f  c h e r t  and s e r i c i t e  o r  c h e r t  and c h l o r i t e .  
V o l c a n i c l a s t i c  g r a i n s  may be e s s e n t i a l l y  pure  c h e r t .  In some c a s e s ,  
g r a i n s  have a brown o x id iz e d  rim.  The p resence  o f  p h y l l o s i l i c a t e  
a l t e r a t i o n  p ro d u c t  i s  u b iq u i to u s  in  v o l c a n i c l a s t i c  u n i t s  and i s  
s u g g e s t iv e  o f  th e  o r i g i n a l  p re sence  o f  a l u m i n o s i l i c a t e s .
Fig Tree s ands tones  and conglomerates  a r e  composed predom inan t ly  
o f  c h e r t  g r a i n s ,  and ev idence  s u g g es t s  t h a t  t h e s e  g r a i n s  were d e p o s i t e d  
as a l r e a d y  s i l i c i f i e d  g r a i n s ,  a l though  f u r t h e r  s i l i c i f i c a t i o n  has 
occu r red  a f t e r  d e p o s i t i o n .  This  ev idence  i s  t h r e e f o l d :  1) The
sands tone  g r a i n s  c o n ta i n  v e in s  o f  both megaquartz  and c h e r t  t h a t  do no t  
ex tend  beyond th e  g r a i n  boundary.  In t h e  sou rce  a r e a ,  t h e r e f o r e ,  
s i l i c a  v e in s  c r o s s - c u t  a l r e a d y  l i t h i f i e d ,  and probab ly  s i l i c i f i e d ,  
rock .  2) The c h e r t  g r a i n s  have t e x t u r e s  s u g g e s t in g  t h a t  th e  source  
rock was f i n e - g r a i n e d .  S i l i c i f i c a t i o n  produces  remarkab le  p r e s e r v a t i o n  
o f  c o a r s e - g r a i n e d  and p o r p h y r i t i c  t e x t u r e s  (F ig .  9a) and presumably one 
would see  such t e x t u r a l  f e a t u r e s  i f  t h e  o r i g i n a l  rock c o n ta in ed  them. 
The c h e r t  g r a i n s  in most Fig Tree  s ands tones  a r e  r a t h e r  homogeneous, 
c o n ta i n in g  va ry ing  amounts o f  p h y l l o s i l i c a t e s  in te rgrown w i th  c h e r t .  
This  t e x t u r e  su g g e s t s  t h a t  t h e  o r i g i n a l  rock was a f i n e - g r a i n e d  
sed im enta ry  o r  v o l c a n i c  r o c k .  The a n g u la r  shape o f  many o f  th e  
sands tone  g r a i n s  s u p p o r t s  t h e  idea o f  l i t h i f i c a t i o n  ( p o s s i b l y  
s i l i c i f i c a t i o n )  p r i o r  to  t r a n s p o r t  and d e p o s i t i o n .  3) The pebbles  and 
cobbles  o f  th e  Fig Tree  Group a r e  composed m ost ly  o f  v a r i e t i e s  o f  c h e r t  
(Table  4 ) .  These c h e r t  c l a s t s  a lmos t  c e r t a i n l y  were c h e r t  p r i o r  to  
d e p o s i t i o n  as  shown by a wide v a r i e t y  o f  c h e r t  types  o c c u r r in g  as
c l a s t s  in  a sandy m a t r ix  which i s  no t  commonly s i l i c i f i e d  (a l though  th e  
sand g r a i n s  in  t h e  m a t r ix  a re  commonly c h e r t ) .  S i l i c i f i c a t i o n  a f t e r  
d e p o s i t i o n  would presumably a f f e c t  th e  whole rock and no t  j u s t  th e  
pebbles  and c o b b le s .  Simonson (1985) r e p o r t s  th e  common o ccu r rence  o f  
sand and g r a v e l - s i z e d  sed im ent  t h a t  was c h e r t  p r i o r  to  d e t r i t a l  
reworking in  th e  E a r ly  P r o t e r o z o i c  Wishar t  Formation in Newfoundland. 
The ev idence  s u g g es t s  then  t h a t  s i l i c a  was both common and abundan t ,  
and t h a t  sand and g rave l  was a l r e a d y  s i l i c i f i e d  p r i o r  t o  d e p o s i t i o n  and 
f u r t h e r  s i l i c a  cem en ta t ion  and rep lacem en t .  Recent work by de Wit e t  
a l .  (1982) in  t h e  B arber ton  g re e n s to n e  b e l t  and Simonson (1985) in  
P r o t e r o z o ic  rocks  o f  th e  Labrador Trough, as well  as  e a r l i e r  work by 
Lowe and Knauth (1977) in  the  B arber ton  Mountain Land, documents e a r l y  
s i l i c i f i c a t i o n  o f  sed im ents  b e fo re  i n c o r p o r a t i o n  i n t o  younger 
sed im en ta ry  rocks .
S i l i c i f i c a t i o n  o f  rocks  o f  th e  Barber ton  Mountain Land has been 
a t t r i b u t e d  t o  hydrothermal a l t e r a t i o n  t h a t  o ccu r red  p r i o r  t o  any 
t e c t o n i c  de fo rm at ion  (deWit e t  a l . ,  1982, Hanor and Duchac, 1985, P a r i s  
e t  a l . ,  1985).  Simonson (1985) s u g g es t s  t h a t  c h e r t  o f  t h e  P r o t e r o z o ic  
Wishar t  Formation o f  t h e  Labrador Trough formed from ascending  thermal 
w a te r s .  Hanor and Duchac (1985) su g g e s t  t h a t  s i l i c i f i c a t i o n  took p la ce  
in  c o n ju n c t io n  w i th  t h e  a sc e n s io n  o f  hydrothermal s o l u t i o n s .  As th e  
f l u i d s  r i s e ,  th e  d e c r e a se  in t e m p e ra tu re  f a v o r s  p r e c i p i t a t i o n  o f  s i l i c a  
and m uscovi te .  This  minera l  a s s o c i a t i o n  i s  common in  g r a i n s  in  Fig 
Tree s a n d s to n e s .  The work o f  Hanor and Duchac (1985) i s  a p p l i e d  t o  th e  
s i l i c i f i c a t i o n  o f  k o m a t i i t e s  and k o m a t i i t i c  b a s a l t s .  I t  has been 
sugges ted  in  the  p r e s e n t  r e p o r t  t h a t  many o f  t h e  sands tone  g r a i n s  were 
c h e r t  p r i o r  to  d e p o s i t i o n .  That some o f  t h e s e  c h e r t  g r a in s  may be
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s i l i c i f i e d  u l t r a m a f i c  rock i s  sug g es ted  by th e  high va lues  seen f o r  
both  Cr and Ni in  bulk chemical a n a l y s i s  o f  Fig Tree s an d s to n e s .
The m u l t i p l e  e p i so d es  o f  s i l i c i f i c a t i o n  make i t  d i f f i c u l t  t o  s t a t e  
w i th  c e r t a i n t y  t h e  sequence o f  a l t e r a t i o n  e v en t s  in Fig Tree 
s an d s to n e s .  Low-grade metamorphism most l i k e l y  r e s u l t e d  in  s e r i c i t e  
and c h l o r i t e  p ro d u c t io n  a f t e r  Fig Tree d e p o s i t i o n ,  a l though  i t  cannot 
be r u l e d  o u t  t h a t  some d e t r i t a l  g r a i n s  had been a l t e r e d  p r i o r  to  
t r a n s p o r t  and d e p o s i t i o n  (deWit e t  a l . ,  1983).  S i l i c i f i c a t i o n  has been 
s ev e re  enough in  some c a s e s  t o  t o t a l l y  obscure  g r a i n  b o u n d a r ie s ,  making 
p a r a g e n e t i c  r e c o n s t r u c t i o n  d i f f i c u l t .
A common d e t r i t a l  framework g r a i n - t y p e  i s  carbonaceous c h e r t .
These g r a i n s  a r e  m ix tu res  o f  m ic ro q u a r tz  in te rgrow n with  clumps and 
wisps o f  carbonaceous  m a t t e r ,  and they  a r e  a l s o  i n t e r p r e t e d  to  have 
been s i l i c i f i e d  when d e p o s i t e d .  Carbonaceous c h e r t  g r a i n s  appear  to  
have undergone l i t t l e  to  no p o s t - F i g  Tree a l t e r a t i o n .  They a re  
composed o f  m ic ro q u a r tz  and carbonaceous  m a t t e r  a long  w i th  t r a c e  
amounts o f  d i a g e n e t i c  p y r i t e ,  and do lom ite  ( see  be low).  The b lack  
c h e r t  g r a i n s  appear  t o  be i d e n t i c a l  t o  bedded b lack  c h e r t s  found toward 
th e  base  o f  th e  Fig Tree  Group and th roughou t  th e  Kromberg Formation.
Cem enta t ion . The pr imary  cementing agen t  in  Fig Tree sed im entary  
rocks  i s  m ic ro q u a r t z .  E a r ly  cem enta t ion  i s  shown by th e  c h e r t s  o f  
L i t h o f a c i e s  A^. L i t t l e  compaction took p la ce  as  ev idenced  by the  
p resence  o f  uncrushed d e l i c a t e  v o l c a n i c l a s t i c  g r a i n s  and by th e  l o o s e ,  
g r a in - s u p p o r t e d  t e x t u r e  o f  A^ and o t h e r  s an d s to n e s .  A l o c a l l y  
o c c u r r in g  i n t r a f o r m a t i o n a l  conglomerate  (F ig .  10) c o n t a i n s  c l a s t s  made 
up o f  c o a r se  s a n d - s i z e d  g r a i n s .  O r ig in a l  d e p o s i t i o n  o f  th e  sediment
now composing t h e s e  c l a s t s  was as l o o s e ,  c o h e s io n le s s  d e t r i t u s .  Some 
degree  o f  l i t h i f i c a t i o n  (cem en ta t io n )  must have o ccu r red  f o r  t h i s  
sedim ent to  be r ip p e d  up and form c l a s t s .
F r a c tu r in g  c l o s e l y  fo l lowed  cem enta t ion  in many ro c k s ,  producing 
s i l i c a - c e m e n t e d  b r e c c i a t e d  l a y e r s .  In some cases  th e  d i r e c t i o n  o f  
f r a c t u r e - f i l l i n g  can c l e a r l y  be de te rm ined  by th e  i n c l u s i o n  o f  
f ragments  o f  d i s t i n c t  l a y e r s  found in c l o s e  p ro x im i ty .  This type  o f  
f r a c t u r e  f i l l i n g  has a l s o  been noted by P a r i s  e t  a l .  (1985) .  Lowe and 
Knauth (1977) documented b la ck  c h e r t  v e in s  which behaved in  a s i m i l a r  
manner,  b r e c c i a t i n g  su r round ing  rock .
F igure  34a shows r e l i c t  sweeping r a d i a l  e x t i n c t i o n  in  c h e r t  
cement.  The sweeping e x t i n c t i o n  i n d i c a t e s  t h a t  be fo re  
r e c r y s t a l l i z a t i o n  to  c h e r t  t h i s  cement was f i b r o u s .  This  o n c e - f ib r o u s  
p o r e - f i l l i n g  resembles  chalcedony and l o c a l l y  g ives  way to  megaquartz 
in  th e  c e n t e r  o f  p o re s .  The overwhelming abundance o f  s i l i c a  
th roughou t  t h e  Fig Tree  Group and th e  l ack  o f  i m p u r i t i e s  in t h e  cement 
su g g es t  t h a t  o r i g i n a l  cem en ta t ion  was s i l i c e o u s  r a t h e r  than rep lacem ent  
o f  some o t h e r  minera l  by s i l i c a .  In some cases  th e  cement may have 
o r i g i n a l l y  been c h e r t ,  bu t  in  o t h e r  cases  chalcedony formed and has 
s i n c e  been r e c r y s t a l l i z e d  to  c h e r t .  Severa l  g e n e r a t i o n s  o f  cement can 
be seen in  F igure  34b.
Numerous p o s t - c e m e n ta t io n  q u a r t z  ve in s  occur  in th e  s tudy  a r e a .  
These v e in s  range in s i z e  from m i c r o f r a c t u r e - f i l 1ings  l e s s  than  a 
m i l l i m e t e r  in  wid th  t o  l a r g e  c a v i t i e s  20 cm in  t h i c k n e s s  (Lowe e t  a l . ,  
1985).  C r o s s - c u t t i n g  r e l a t i o n s h i p s  o f  th e  s m a l l e r  ve in s  ( . 5  to  2 mm 
t h i c k )  i n d i c a t e  a t  l e a s t  t h r e e  g e n e r a t io n s  o f  s i l i c a  f r a c t u r e - f i l l i n g .
Fig .  34a.  R e l i c t  sweeping r a d i a l  e x t i n c t i o n  in  c h e r t  
cement.  L i t h o f a c i e s  Ao.
Fig .  34b. Two, p o s s i b l y  t h r e e  g e n e r a t io n s  o f  cement in 
rock o f  L i t h o f a c i e s  A2 . A t h i n  r a d i a l  f r i n g e  p o s s ib ly  
fo llowed by c h e r t ,  w i th  megaquartz  in th e  c e n t e r .
Some l a r g e r  ve in s  a r e  q u i t e  d i s r u p t i v e  and can be seen t o  have 
i n c o r p o r a t e d  and moved small  p ie c e s  o f  th e  su r round ing  rock .
Late Stage  A l t e r a t i o n . Other  a u t h i g e n i c  m in e ra l s  p r e s e n t  in c lu d e  
do lom ite  and p y r i t e .  P a r t i a l  rep lacem ent  by ca rb o n a te  i s  l o c a l l y  
i n t e n s e  and tends  t o  obscure  th e  t e x t u r a l  f e a t u r e s  o f  th e  rock .  The 
do lom i te  occurs  as  w e l l -d e v e lo p e d  rhombohedra w i th in  c h e r t ,  i n d i c a t i n g  
growth a f t e r  s i l i c i f i c a t i o n .  Hemati te  occurs  as  rhombohedral 
rep lacem ent  o f  c a r b o n a te  s u g g e s t in g  t h a t  t h e  ca rb o n a te  was i ro n  r i c h ,  
p o s s i b l y  s i d e r i t e  o r  a n k e r i t e .  A u th igen ic  p y r i t e  occurs  as  cubes and 
p y r i t o h e d r o n s .  Commonly t h e  d i s t r i b u t i o n  o f  p y r i t e  i s  c o n t r o l l e d  by 
bedding p la n e s .
GEOCHEMISTRY
A n a ly t i c a l  Methods
Twenty s ix  samples o f  Fig Tree  rocks  were s e l e c t e d  f o r  bulk 
chemical a n a l y s i s .  The samples were p rep a red  u s ing  th e  m e tabo ra te  
method o f  Ingamells  (1970) ,  and a n a l y s i s  was c a r r i e d  ou t  u s ing  an ARL 
3400 ICP s p e c t r o m e te r .  S ix t e e n  e lem ents  were ana lyzed  by f ix e d  
d e t e c t o r  system. SPEX s o l u t i o n s  were used as s t a n d a r d s  f o r  t r a c e  
e lem en ts .  The U.S.G.S. s t a n d a r d  AGV-1 was run a long  with  t h e  samples 
as an unknown to  de termine  th e  accu racy  o f  th e  r u n s ,  and th e  fo l low ing  
d a t a  were o b ta in e d :
ICP v a lu es  
(wt.%)
Quoted U.S.G.S.  va lues  
(wt.%)
S i0 2  59 .94 ± 1.64
T i0 2  1.05 ± 0 .014
A12 0 3  17.23 ± 0 .68
FeO 6 .22  + 0 .6 8
Na20 3 .54  ± 0 .16
K2 0  2 . 8 6  ± 0 .06
MgO 1.53 ± 0 .10
CaO 4 .82  ± 0 .11
MnO 0.11 + 0 .02
P2 05  0 .52  ± 0 .16
Ba 1293 ± 6 6
















In a d d i t i o n  to  ICP e lem en ta l  a n a l y s i s ,  a l l  samples were examined 
by x - r a y  d i f f r a c t i o n  us ing  a P h i l i p s  XRG-3000 d i f f r a c t o m e t e r  a t  40 KeV 
w i th  copper r a d i a t i o n .  R es u l t s  o f  th e  ICP and XRD a n a ly se s  a r e  shown 
in  Tab les  7 and 8  r e s p e c t i v e l y .  T o t a l s  f o r  w e igh t  p e r c e n t s  in  Table  8  
a r e  in  most cases  l e s s  than  100. Water and o t h e r  v o l a t i l e s  make up th e  
remain ing  mass,  most o f  which probab ly  r e s i d e  in  th e  p h y l l o s i l i c a t e s  
(G. B yer ly ,  p e r s .  comm., 1985).
Sandstones  and s i  I t s t o n e s  were chosen f o r  a n a l y s i s .  Two groups o f  
s an d s to n es  ( l o c a l i t y  36 and 37 , Table  7) a r e  from two measured 
s e c t i o n s ,  w i th  l o c a l i t y  37 being s t r a t i g r a p h i c a l l y  above l o c a l i t y  36. 
Three samples o f  v o l c a n i c l a s t i c  s ands tone  were a n a ly z e d .  The 
s i  I t s t o n e s  were c o l l e c t e d  th roughou t  th e  s tudy  a r e a .
Geochemical R e la t io n s
Major e l e m e n t s . The major e lem ent  com posi t ion  o f  sands tones  from 
th e  Fig Tree Group a r e  c h a r a c t e r i z e d  by high to  very  high Si (69 to  92 
w t .% ) ,  and very  low Na ( l e s s  than  .05 wt.%) and Ca (n o t  p r e s e n t  in  
measurab le  q u a n t i t i e s )  c o n t e n t s .  S i l t s t o n e s  and s h a le y  s i l t s t o n e s  have 
lower Si va lues  than  th e  s an d s to n es  (Table  7) and t h i s  i s  r e f l e c t e d  in 
th e  o v e r a l l  lower amount o f  s i l i c i f i c a t i o n  o f  t h e  s i l t s t o n e s  over  the  
s a n d s to n e s .  Average Fe c o n te n t s  o f  Fig Tree  S i l t s t o n e s  i s  h ig h e r  than 
t h a t  o f  sands tones  (Table  7 ) .
Abundances o f  many o f  t h e  e lem ents  appea r  t o  be c o r r e l a t e d  with  
p r o p o r t i o n s  o f  muscovi te  o r  c h l o r i t e .  A p o s i t i v e  c o r r e l a t i o n  was found 
between the  c o n c e n t r a t i o n  o f  I^O and MgO and co r re spond ing  XRD peaks o f
Table 7. Chemical composit ion o f  rocks o f  th e  Fig Tree Group, t h i s  s tudy.  Major 
elements in  wt.%; t r a c e  elements in  ppm. L o c a l i t i e s  36 and 37 a re  
measured p a r t i a l  s e c t io n s  S-14 and S-15 r e s p e c t i v e l y .  Other samples 
a re  from var ious  s i t e s  w i th in  the  s tudy a rea .
V o lc a n ic la s t ic
------------------------ l o c a l i t y  3 6 - ----------------------------  --------------------------------------------l o c a l i t y  37 -  .  -------------------------------- S i l t s t o n e s  --------------------------------------------  S a n d s to n e -------
S i0 2 85.01 79 .94 6 8 .9 79 .76 83 .1 82 .1 8 5 .3 7 6 .5 8 9 .8 8 8 .9 9 2 .7 8 2 .7 9 1 .9 79 .24 7 6 .6 6 5 .8 6 1 .1 3 5 8 .8 66 7 2 .5 6 6 .3 89 9 7 .8 6 7 .6 74 .7
T i0 2 .297 .23 .432 .32 .13 .2 6 .21 .2 9 .1 9 .21 .116 .6 5 .2 .47 .5 .67 .66 .73 .74 .8 .7 .09 .3 3 .69 .3 6
a i2o3 4 .4 6 7 .4 9 9 .8 9 5 .9 5 5 .5 5 .8 7 3 .6 8 5 .7 7 2.97 3 .3 9 1 .9 9 1 2 .6 3 .21 10.7 10.1 14.1 15.7 18.13 14 .62 1 7 .6 15 .52 2 .4 .9 16 .7 16.03
FeO 5 .4 8 8.07 11 .32 8 .4 9 6 .1 5 5 .8 5 5 .8 13 .74 4 .9 3 1 .0 8 1 .9 6 .25 1 .67 2 .93 3.28 8 .6 11.78 12.77 7.77 4 .2 3 10 .16 7.29 .16 6 .6 8 2 .8 4
HnO .0 2 .03 .038 .024 .0 2 .0 2 .009 .0 2 .02 .002 .08 - .008 .007 .01 .02 .23 .035 .003 .07 .078 .01 .002 .04 .072
MgO 1 .7 6 3.27 4 .5 2 2 .9 9 2.21 2 .2 9 .05 .078 .04 .08 .49 .18 .02 .17 .15 .24 1.84 1 .07 .19 .80 2 .5 2 .043 .12 .344 1.29
C a O - - - - - - - - - - .73 - - - - .002 - - .03 - .027 - - .23
na2o .0 0 6 - .016 - - - .02 .05 - .004 - .04 - .12 .055 .11 - - .12 .24 - - .03 .35 .044
k2o - • .036 - - - .856 1 .0 6 .5 9 .5 8 .342 2 .0 4 .54 2 .2 2 .0 3 .7 3 .2 4 .01 3 .02 2 .7 2 3 .6 .41 .64 3 .4 3 .89
£ 97 .03 99 .03 96 .15 9 7 .5 3 97.11 9 6 .4 9 5 .9 9 7 .5 98.54 94.34 9 8 .4 9 8 .4 97 .55 95.84 92 .7 93.24 94.54 9 5 .55 92.4 99.04 9 8 .9 99.24 100.12 9 5 .8
Ba 132 54 261 131 105 334 4463 9504 4946 6127 3803 26459 4494 13968 8992 7512 2509 5013 2607 7497 2129 1187 121 1027 706
Sr 11 5 8 6 - 5 12 U 7 5 8 21 - 24 19 26 5 8 3 1 61 5 12 5 124 54
Zr * * - 6 8 - 14 - - 17 30 54 - ' 50 - 66 66 - 79 - 12 3 - 124
Cr 230 291 65 376 123 399 322 365 217 321 186 1012 247 1190 1277 1130 1079 1626 1349 1308 1255 138 537 486 18
Hi 58 180 111 85 - 102 - 29 - - 73 - - - - - 308 112 - 236 2 6 8 - 186 91 -




Table 8 . R esu l t s  o f  XRD a n a l y s i s  o f  sou the rn  Fig Tree  s i l t s t o n e s  
and s an d s to n e s .













37-7 X X  X
37-6 X X
37-5 X X  X
37-3 X X  X
37-2 X X
9-12 X X  X
55-1 X X X
48-4 X X X
13-1 X X  X
33-6 X X X
6-4 X X X
12-1 X X  X
4-5 X X
52-2 X X











muscovi te  and c h l o r i t e  r e s p e c t i v e l y .  P e t ro g r a p h ic  examinat ion  
c o r r o b o r a t e s  t h i s  c o r r e l a t i o n .  While XRD a n a l y s i s  shows th e  p re sence  
o f  m uscov i te ,  p e t r o g r a p h i c a l l y  t h i s  minera l  i s  more p ro p e r ly  termed 
s e r i c i t e .
SiOg va lues  range from 58 .8  wt.% t o  97 .8  wt.%. The average  S i0 2  
va lue  f o r  th e  s an d s to n es  a t  l o c a l i t i e s  36 and 37 (measured s e c t i o n s )  i s  
8 2 .8  wt.% (Table  7 ) .  This  high va lue  i s  a r e f l e c t i o n  o f  th e  abundance 
o f  o r i g i n a l  c h e r t  framework g r a in s  which a r e  now cemented by GMC (see  
D iagenes is  s e c t i o n ) .  Lowest s i l i c a  va lues  a re  seen in  t h e  f e r r u g i n o u s  
s i l t s t o n e s  o f  L i t h o f a c i e s - B l  w h i le  t h e  h i g h e s t  s i l i c a  va lue  i s  from 
L i th o fa c ie s -A g  (Table  7 ) .
A bso lu te  abundances o f  Fe and Mn show a c rude  c o r r e l a t i o n  w i th  th e  
c o n c e n t r a t i o n  o f  Mg. This r e l a t i o n  i s  p robably  due t o  i n c o r p o r a t i o n  o f  
t h e s e  e lem ents  i n t o  c h l o r i t e ,  o r  p o s s i b l y  i n t o  ca rb o n a te  which i s  
p r e s e n t  in  small  amounts in  some samples .  This c a r b o n a te  occurs  as  
sm a l l ,  euhedra l  rhombohedra and i s  i n t e r p r e t e d  t o  be do lom i te .
McLennan, Tay lor  and Er ik sson  (1983) no te  a s i m i l a r  r e l a t i o n s h i p  in  
Archean s h a l e s  from th e  P i l b a r a  Supergroup o f  Western A u s t r a l i a .
Trace e l e m e n t s . There i s  a d i r e c t  c o r r e l a t i o n  between Ba and (K 
+ Al) abundances ,  w i th  h igh Ba va lues  co r re spond ing  to  high K and Al 
va lues  (Table  7 and F ig .  3 5 ) .  XRD a n a l y s i s  shows samples w i th  h igh Ba 
va lues  t o  c o n ta i n  m uscov i te .  The high Ba va lues  a r e  p robab ly  a 
r e f l e c t i o n  o f  i n c o r p o r a t i o n  o f  Ba i n t o  th e  muscovi te  s t r u c t u r e  ( J .  
Hanor,  p e r s .  comm., 1984).  Sr and Ba have a p o s i t i v e  c o r r e l a t i o n  with 
one a n o th e r  (F ig .  3 5 ) ,  and most l i k e l y  t h e  Sr i s  a l s o  r e s i d i n g  in  the
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F ig .  35. (A) P l o t  o f  Ba v s .  AI2 O3 . (B) P l o t  o f  Ba v s .  
K2 O. (C) P l o t  o f  Ba v s .  S r .  Note p o s i t i v e  c o r r e l a t i o n .  
I t  i s  su g g es ted  t h a t  t h e  minera l  m uscov i te  c o n t r o l s  t h e  
d i s t r i b u t i o n .  Samples a r e  from l o c a l i t y  37,  S e c t io n  
S-15 ( s e e  -Table 7 ) .  In (A) s a n d s to n e s  from l o c a l i t y  36,  
and s i l t s t o n e s  from v a r io u s  l o c a l i t i e s  a r e  shown f o r  
comparison.
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m uscov i te .  An i n t e r e s t i n g  s e g r e g a t i o n  o f  Ba c o n c e n t r a t i o n s  can be seen 
between samples o f  l o c a l i t i e s  36 and 37 in  Table  7.  Samples from 
l o c a l i t y  36 have low Ba v a lu e s  and c o r r e sp o n d in g ly  low K and Al v a lu es  
compared to  samples from o f  l o c a l i t y  37.  XRD r e s u l t s  o f  l o c a l i t y - 3 6  
samples show them to  c o n t a i n  no muscovi te  (Table  8 ) ,  thus  t h e  low Ba 
c o n c e n t r a t i o n s .  The reason  f o r  t h i s  d i f f e r e n c e  in  Ba and muscovi te  
abundance between t h e  two s t r a t i  g r a p h ic  l o c a l i t i e s  i s  no t  e n t i r e l y  
c l e a r .  The two s t r a t i g r a p h i c  s e c t i o n s  t h a t  show t h i s  l a r g e  d i f f e r e n c e  
in  barium abundance do n o t  d i s p l a y  any sed im en to lo g ic  o r  p e t r o g r a p h ic  
ev idence  o f  having d i f f e r e n t  p rovenances .  B a r i t e  d e p o s i t s  occu r  in th e  
B arber ton  Mountain Land (Reimer,  1980; H e in r ich s  and Reimer,  1977; t h i s  
r e p o r t )  and p o s s i b l y  one o f  t h e s e  a r e a s  was weathered  and e roded ,  
p ro v id in g  barium in  aqueous s o l u t i o n .  Hanor and Duchac (1985) su g g es t  
t h a t  Ba enr ichment  o f  s i l i c i f i e d  k o m a t i i t i c  lavas  took  p la ce  by 
r e a c t i o n  w i th  a scend ing  hydro thermal s o l u t i o n s .  This  a l t e r a t i o n  was 
a l s o  r e s p o n s i b l e  f o r  t h e  s i l i c i f i c a t i o n  o f  th e  v o l c a n i c  rocks  and 
p o s s i b l y  Ba enr ichment  accompanied th e  s i l i c i f i c a t i o n  o f  the  Fig Tree 
s an d s to n e s .  Another p o s s i b i l i t y  i s  t h a t  c o n d i t i o n s  s i m i l a r  t o  th o se  
when b a r i t e  d e p o s i t s  formed, t h a t  i s ,  l o c a l l y  h ig h e r  barium 
c o n c e n t r a t i o n s ,  e x i s t e d  d u r in g  d e p o s i t i o n  o r  d i a g e n e s i s  o f  th e  
s ands tones  o f  l o c a l i t y  37.
The abundances o f  Cr and Ni in  Fig Tree  sed im enta ry  rocks  a r e  high 
compared to  abundances seen  in  younger sed im en ta ry  ro c k s .  Table  9 
compares Cr and Ni abundances from rocks  o f  t h i s  s tudy  with  Cr and Ni 
va lues  from o t h e r  Fig Tree  s ed im en ts ,  o t h e r  Archean t e r r a n e s ,  and from 
younger sed im enta ry  ro c k s .
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Table  9.  Comparative abundances o f  Cr and Ni f o r  Fig Tree rocks  
and o t h e r  c l a s t i c  s ed im en ta ry  ro c k s .  All va lues  a re  
ppm.
1 2 3 4 5 6 7
445 1116 860 * 641 90 50
43 144 495 261 342 6 8 23
1: Average f o r  s a n d s to n e s ,  t h i s  s tu d y .
2: Average f o r  s i l t s t o n e s ,  t h i s  s tu d y .
3: Average f o r  Fig Tree  s h a l e s  (Danchin,  1967).
4:  Average f o r  Fig Tree graywackes (Condie e t  a l . ,  1970).
* - no measurement made 
5: Average f o r  Gorge Creek S h a le s ,  P i l b a r a  Block, A u s t r a l i a
(McLennan, T a y lo r ,  and E r ik s s o n ,  1983).
6 : Average s h a l e  (Danchin,  1967).
7: Average f r e s h  w a te r  sedments (Danchin ,  1967).
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The anomalously high Cr and Ni a r e  s i m i l a r  to  th o se  seen in o t h e r  
Archean t e r r a n e s  (C o l l e r s o n  e t  a l . ,  1976; Naqvi,  1978; McLennan, 
T a y lo r ,  and Kroner,  1983; and Table  9 ) .  Laskowski and Kroner (1985) 
have shown a s e c u l a r  d e c r e a se  in  Cr/Ni and Cr/TiOg r a t i o s  f o r  s h a l e s  
through g eo lo g ic  t im e ,  and t h e  Cr/Ni and Cr/TiOg f o r  s i l t s t o n e s  o f  the  
p r e s e n t  s tudy  f a l l  w i th in  t h e i r  Archean f i e l d s .  Danchin (1967) f i r s t  
noted th e  u n u s u a l ly  h igh Cr and Ni va lues  f o r  s h a le s  o f  t h e  Fig Tree ,  
and a t t r i b u t e d  t h e s e  abundances t o  an u l t r a m a f i c  so u rc e .  Mclennan, 
T a y lo r ,  and Er iksson  (1983) show t h a t  th e  anomalously  high va lues  f o r  
Archean s h a l e s  o f  Western A u s t r a l i a  a r e  no t  ex p la in ed  by provenance 
a l o n e ,  and sugges ted  t h a t  enr ichment  th rough w ea the r ing  may have 
a f f e c t e d  t h e  Cr and Ni abundances.  I t  cannot  be s a i d  i f  some s o r t  o f  
s econdary  enr ichment  p rocess  such as w ea the r ing  has r e s u l t e d  in th e  
observed  va lues  o f  Cr and Ni f o r  Fig Tree sed im en ta ry  rocks  o f  t h i s  
s t u d y ,  bu t  i t  seems c l e a r  t h a t  th e  s o u rc e ,  in p a r t ,  was c o n s id e r a b ly  
more mafic  than  f o r  pos t -Archean  sed im en ta ry  rocks  (Table  9 ) .
Geochemical comparisons  and provenance
Table  10 shows th e  major e lement abundances o f  Fig Tree 
s ed im en ta ry  rocks a long  w i th  average  Archean, P r o t e r o z o i c ,  and 
Phanerozoic  c l a s t i c  sed im en ta ry  ro c k s .  The most n o ta b le  d i f f e r e n c e s  
a r e  th e  ve ry  high s i l i c a  c o n t e n t  o f  sands tones  o f  t h i s  s tu d y ,  and the  
low Mg and Na. Sandstones  o f  t h i s  s tudy  (column 1,  Table  10) average  
a lm os t  83 wt.% S i0 2  w i th  some samples c o n ta i n in g  over  90 wt.% SiO^. 
These remarkably high S i0 2  va lues  a r e  a r e f l e c t i o n  o f  th e  seve re
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Table  10. Major e lement a n a l y s i s  o f  Fig Tree  sed im en ta ry  rocks  and 
average  Archean,  P r o t e r o z o i c ,  and Phanerozoic  c l a s t i c  
sed im en ta ry  ro c k s .
1 2 3 4 5 6 7
S i0 2 82 .8 6 8 . 0 63.04 68.74 64.37 65.9 70.0 70.6
T i0 2 0 .3 0.63 0 .53 0.27 0 .52 0 . 6 0 . 6 0 .7
a i 2 o3 6.03 14.32 13.85 13.86 1 1 . 1 1 14.9 14.5 14.2
FeO 5 .4 8 .84 4 .88 3.09 6 . 8 8 6 .4 5 .5 5 .2
MgO 1 . 2 1 . 0 2 3 .6 2.08 4 .47 3 .6 2 . 1 2 .4
CaO 0.05 0.007 2.62 1 . 0 0 2.37 3 .3 1.7 2 . 2
Na2 0 0 . 0 2 0.06 2 .29 0.36 2.13 2 .9 1 . 8 1 . 8
k2o 0 . 6 8 3 .3 2 .54 5.58 1.72 2 . 2 3 .2 2 . 8
1: L i t h i c  a r e n i t e s  o f  L i t h o f a c i e s  EL, t h i s  s tu d y .
2: S i l t s t o n e s  o f  L i t h o f a c i e s  B . ,  t h i s  s tu d y .
3: Graywackes from Mapepe Fm., Fig Tree Group ( H e i n r i c h s ,  1980).
4: Loenen micaceous graywacke Member, Umsoli Fm., Fig Tree  Group 
( H e in r i c h s ,  1980).
5: Average f o r  Sheba Fm. and Belvue Rd. Fm., Fig Tree Group (Condie 
e t  a l . ,  1970).
6 : Average Archean c l a s t i c  sed im en ta ry  rocks  (McLennan, 1982).
7: Average P r o t e r o z o i c  c l a s t i c  sed im enta ry  rocks  (McLennan, 1982).  
8 : Average Phanerozoic  c l a s t i c  sed im en ta ry  rocks  (McLennan, 1982).
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d i a g e n e t i c  a l t e r a t i o n  t h a t  has a f f e c t e d  rocks  o f  t h e  Barber ton  b e l t  on 
a r e g io n a l  s c a l e .  The o r i g i n a l  rock may be a lmos t  com ple te ly  r e p la c e d  
by SiOg ( e . g .  sample 4 - 5 ,  Table  7 ) .  Weathering and metamorphism can 
a l s o  a f f e c t  th e  c h e m i s t r y ,  and i t  i s  t h e r e f o r e  somewhat hazardous to  
t r y  t o  r e l a t e  t h e  composi t ion  o f  Fig Tree sed im en ta ry  rocks  to  t h a t  o f  
a sou rce  a r e a .  H e in r ich s  (1980) has compared th e  major  e lement 
ch em is t ry  o f  Fig Tree sands tones  w i th  t h e  c h em is t ry  o f  t h e  Hooggenoeg 
Formation o f  th e  Upper Onverwacht Group (F ig .  2) and concluded t h a t  th e  
Hooggenoeg was t h e  sou rce  a r e a  f o r  t h e s e  Fig Tree s an d s to n e s .  
Comparisons o f  t h i s  type  a r e  i n v a l i d  due to  e f f e c t s  o f  a l t e r a t i o n  as 
shown in  t h e  p r e s e n t  s tu d y .
The geochemical and m in e r a lo g ic a l  a n a ly se s  o f  so u th e rn  Fig Tree 
rocks  have r e s u l t e d  in  f o u r  c o n c lu s io n s .  Most i m p o r t a n t l y ,  i t  has been 
shown t h a t  t h e  s i l i c i f i c a t i o n  o f  s ed im en ta ry  rocks can be v i r t u a l l y  
com ple te ,  i n c lu d in g  removal o f  r e l a t i v e l y  immobile e lements  such as  A l . 
The p r e c i s e  n a tu r e  o f  th e  s i l i c i f i c a t i o n  p rocess  i s  no t  y e t  c l e a r l y  
u n d e rs to o d ,  bu t  i s  tho u g h t  to  be r e l a t e d  t o  hydrothermal  a l t e r a t i o n  
p ro c e sse s  (de Wit e t  a l . ,  1983; Hanor and Duchac, 1985).  Rare e a r t h  
e lement  p a t t e r n s ,  due to  t h e  im mobi l i ty  o f  REE du r in g  sed im enta ry  and 
metamorphic p r o c e s s e s ,  may y i e l d  u se fu l  in fo rm a t io n  r e g a rd in g  
provenance and c r u s t a l  e v o l u t i o n  (McLennan, T a y lo r ,  and E r ik s s o n ,  1983; 
McLennan, T a y lo r ,  and Kroner,  1983).  Due to  l i m i t a t i o n s  o f  t h e  ICP, 
however, r a r e  e a r t h  e lem en ts  were no t  a n a ly zed .  Secondly ,  high Cr and 
Ni v a lu es  r e f l e c t  a maf ic  o r  u l t r a m a f i c  so u rc e .  High Cr and Ni va lues  
a re  common in  o t h e r  Archean sed im enta ry  rocks  as well  (McLennan,
T a y lo r ,  and E r ik s so n ,  1983; C o l le rson  e t  a l . ,  1976).  T h i r d l y ,  
u n u s u a l ly  high Ba va lues  in  one s u i t e  o f  samples ( l o c a l i t y  37 ,  Table  7)
i n d i c a t e  l o c a l l y  h ig h e r  Ba c o n c e n t r a t i o n s ,  p o s s i b l y  due to  e r o s io n  of  
an o l d e r ,  b a r i t e - b e a r i n g  t e r r a n e ,  o r  t h e  p re sence  o f  m uscov i te .  The 
v a r i a b l e  enr ichm ents  o f  K and Ba, which tend  t o  va ry  w i th  t h e  p resence  
o f  s e r i c i t e ,  a r e  not e a s i l y  a s s o c i a t e d  w i th  any g re e n s to n e  b e l t  source  
and may be produced by some u n s p e c i f i e d  a l t e r a t i o n  p r o c e s s .  L a s t l y ,  
a l l  sed im en ta ry  rocks  ana lyzed  have ex t rem e ly  low Ca va lues  (Table  7 ) .  
McLennan, T a y lo r ,  and E r ik s s o n ,  (1983) no te  s i m i l a r  Ca abundances f o r  
Gorge Creek sediments  o f  t h e  P i l b a r a  Block in  Western A u s t r a l i a .  The 
most r e s o n a b le  e x p la n a t io n  seems t o  be t h a t  th e  source  o f  t h e  sed iment 
was " c a l c iu m - f r e e "  b e fo re  e r o s i o n ,  p o s s i b l y  as a r e s u l t  o f  
s i l i c i f i c a t i o n .  Hanor and Duchac (1985) document t h e  s t ro n g  d e p l e t i o n  
o f  Ca d u r ing  s i l i c i f i c a t i o n  o f  k o m a t i i t e s .
DISCUSSION
Sedimentary  Evo lu t ion
Sedimenta ry  rocks o f  th e  B arber ton  Mountain Land d i s p l a y  d e f i n i t e  
t r e n d s ,  most n o ta b ly  d i f f e r e n c e s  in  both com posi t ion  o f  sediment  and in 
s t y l e s  o f  s e d im e n ta t io n ,  between th e  Onverwacht Group and th e  o v e r ly in g  
Fig Tree  and Moodies Groups. Sedimentary  rocks  o f  t h e  Onverwacht Group 
a r e  p redom inan t ly  s i l i c i f i e d  v o l c a n i c l a s t i c  ro c k s ,  carbonaceous  c h e r t s ,  
and banded c h e r t s  (Lowe and Knauth, 1977, 1978; Lowe, 1980; Lowe 1982b; 
Lan ie r  and Lowe, 1982).  S i g n i f i c a n t  amounts o f  t e r r i g e n o u s  d e b r i s  
d e r iv e d  by w ea th e r in g  and e ro s io n  d id  no t  accumula te  u n t i l  t h e  o n s e t  o f  
Fig Tree s e d im e n ta t io n .  The Moodies Group r e p r e s e n t s  f u r t h e r  
sed im en ta ry  e v o l u t i o n  o f  t h e  g r e e n s to n e  b e l t ,  being composed in  p a r t  o f  
q u a r t z o s e  s a n d s to n e s .  Sed im en ta t ion  o f  t h e  Moodies Group has been 
d e s c r ib e d  in  d e t a i l  by E r ik sson  (1977, 1978, 1979).
Fig Tree  s e d im e n ta t io n  commenced with  the  d e p o s i t i o n  o f  t h e  Msauli 
C h e r t ,  which i s  a s l i g h t l y  reworked, s i l i c i f i e d  p y r o c l a s t i c  d e p o s i t .
The Msauli Cher t  i s  o v e r l a i n  by a sequence o f  carbonaceous  b lack  c h e r t s  
and b lack  and w h i te  banded c h e r t s .  The d e p o s i t s  o f  th e  Fig Tree  basa l  
c h e r t  u n i t s  do no t  d i f f e r  s i g n i f i c a n t l y  from s i l i c i f i e d  v o l c a n i c l a s t i c  
sediments  and banded c h e r t s  d e s c r ib e d  from the  u n d e r ly in g  Onverwacht 
Group (Lowe and Knauth, 1977, 1978; Lan ie r  and Lowe, 1982) and formed 
under  s i m i l a r ,  e s s e n t i a l l y  anorogen ic  c o n d i t i o n s .  However, w i t h i n  th e  
banded c h e r t s  o f  L i t h o f a c i e s  a r e  lo c a l  o c cu r ren c e s  o f  t h i n  sands tone  
beds t h a t  r e c o rd  th e  i n i t i a l  s t a g e s  o f  s i g n i f i c a n t  i n p u t  o f  t e r r i g e n o u s  
d e b r i s .  On th e  b a s i s  o f  s i m i l a r  com p o s i t io n ,  t e x t u r e ,  and o v e r a l l
1 1 1
1 1 2
appea rance ,  t h e se  sands tones  a r e  i n t e r p r e t e d  as being from th e  same 
source  as  sands tones  in t h e  o v e r ly in g  fo rm at ion  B.
P o in t  count  d a ta  from Fig Tree s ands tones  rev ea l  genera l  
in fo rm a t ion  reg a rd in g  provenance .  The low p e rcen tag es  o f  
m o n o c ry s ta l l in e  q u a r t z  (maximum o f  1 0 %) and th e  v i r t u a l  absence o f  
r e c o g n iz a b le  f e l d s p a r  a rgue  a g a i n s t  a c o n t i n e n t a l ,  s i a l i c  source  a r e a .  
R a th e r ,  th e  source  appea rs  to  be u p l i f t e d  p o r t i o n s  o f  t h e  g re e n s to n e  
b e l t .  This i s  suppor ted  by th e  high Cr and Ni va lues  seen in  Table  9 ,  
which su g g es t  a t  l e a s t  in p a r t  a mafic  o r  u l t r a m a f i c  s o u rc e ,  and by 
g r a i n  types  such as b lack  c h e r t  which a r e  r e c o g n iz a b le  as being d e r iv ed  
from u n de r ly ing  ro c k s .  Carbonaceous b lack  c h e r t  g r a i n s  occu r  in  many 
o f  the  Fig Tree  sands tones  and a r e  p robab ly  d e r iv ed  from th e  
immedia te ly  u n d e r ly in g  Fig Tree c h e r t s  o f  Formation A o r  from black  
c h e r t  u n i t s  in th e  upper Kromberg Formation (F ig .  2 ) .
Pebbles and cobbles  from th e  cong lom era t ic  sequence o f  t h e  Fig 
Tree p rov ide  unambiguous ev idence  o f  s p e c i f i c  sou rce  ro c k s .  Table  4 
l i s t s  r e l a t i v e  abundances o f  d i f f e r e n t  c l a s t  types  found in  t h e  Fig 
Tree cong lom era tes .  Severa l  d i s t i n c t i v e  c l a s t  types  p in p o i n t  
provenance and have im por tan t  i m p l i c a t i o n s  r e g a rd in g  t e c t o n i c s  o f  the  
source  a r e a .  These c l a s t  types  in c lu d e  c h e r t - g r a i n  s a n d s to n e ,  j a s p e r ,  
s i l i c i f i e d  a c c r e t i o n a r y  l a p i l l i - b e a r i n g  v o l c a n i c l a s t i c  rock ,  and 
p l a g i o c l a s e  porphyry.
The c l a s t s  composed o f  c h e r t - g r a i n  sands tone  a r e  i d e n t i c a l  to  the  
sands tones  o f  L i t h o f a c i e s  Both b in o c u la r  and p e t r o g r a p h ic  
m ic roscop ic  examination  shows th e se  c l a s t s  to  have t e x t u r a l  and 
composi t iona l  c h a r a c t e r i s t i c s  t h a t  l e av es  l i t t l e  doubt t h a t  sands tone  
o f  L i t h o f a c i e s  B9  was t h e i r  so u rc e .  In a d d i t i o n ,  no o t h e r  s i m i l a r
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sands tones  occur  in  any o f  t h e  u n d e r ly in g  sed im en ta ry  rocks  in  th e  
Barber ton  Mountain Land.
J a s p e r  c l a s t s  occur  in  small  q u a n t i t i e s  in  L i t h o f a c i e s  (Table 
4 ) ,  bu t  a re  r e l a t i v e l y  more abundant  in  the  b r e c c i a s  o f  L i t h o f a c i e s  B^. 
The source  f o r  t h e s e  j a s p e r  c l a s t s  a lmost  c e r t a i n l y  was t h e  j a s p i l i t e  
o f  L i t h o f a c i e s  B^.
The c l a s t s  o f  s i l i c i f i e d  a c c r e t i o n a r y  l a p i l l i  c l o s e l y  resemble  
rock o f  the  Msauli C her t .  There a r e ,  however,  o t h e r  s i l i c i f i e d  
a c c r e t i o n a r y  l a p i l l i - b e a r i n g  u n i t s  in th e  Hooggenoeg and Kromberg 
Formations  (Lowe and Knauth,  1977),  making i t  d i f f i c u l t  t o  p in p o in t  th e  
e x a c t  so u rc e .  C l e a r l y ,  though ,  t h e se  c l a s t s  were d e r iv e d  from u p l i f t e d  
g reen s to n e  b e l t  ro ck s .
C la s t s  o f  a h y p a b y s s a l , d a c i t i c  rock occur  in  Fig Tree 
cong lom era tes ,  u s u a l l y  in r e l a t i v e l y  low abundances,  but l o c a l l y  
comprise as much as 40% o f  t h e  c l a s t  p o p u la t i o n .  These porphyry c l a s t s  
a r e  s i m i l a r  in composi t ion  and t e x t u r a l  f e a t u r e s  to  the  hypabyssal  
i n t r u s i v e  t h a t  occurs  th roughou t  the  lower Fig Tree and upper  
Onverwacht Groups (Lowe e t  a l . ,  1985).  When c o n s id e red  a long w i th  the  
o t h e r  c l a s t  types  found in  Fig Tree cong lom era tes ,  i t  i s  l i k e l y  t h a t  
th e  source  f o r  t h e s e  porphyry  c l a s t s  was th e  i n t r u s i v e  porphyry.
In a d d i t i o n  to  th e  c l a s t  types  j u s t  d e s c r i b e d ,  t h e r e  a r e  a l s o  
c l a s t s  o f  b lack  c h e r t ,  banded c h e r t ,  and a l t e r e d  u l t r a m a f i c  rock 
c o n ta i n in g  th e  green mica m a r i p o s i t e ;  l i t h o l o g i e s  which a r e  common in 
th e  g reen s to n e  b e l t .  Evidence from th e  conglomerates  i n d i c a t e s  t h e n ,  
t h a t  th e  source  was u p l i f t e d  p o r t i o n s  o f  th e  g reen s to n e  b e l t .  While 
many o f  th e  c l a s t  types  could  be d e r iv ed  from e i t h e r  u p l i f t e d  Fig Tree 
o r  from u nder ly ing  rocks  ( e . g .  b lack  c h e r t ,  banded c h e r t ,  a c c r e t i o n a r y
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1 a p i H i ) ,  two d i s t i n c t i v e  types  - c h e r t - g r a i n  sands tone  and j a s p i l i t e  - 
i n d i c a t e  t h a t  Fig Tree rocks  were being u p l i f t e d  and eroded to  p rov ide  
d e t r i t u s  f o r  younger Fig Tree  ro c k s .  This ev idence  would su p p o r t  a Fig 
Tree and upper  Kromberg sou rce  f o r  v i r t u a l l y  a l l  conglomera te  c l a s t s  
because  a l l  c l a s t  l i t h o l o g i e s  can be found w i th in  e i t h e r  the  Fig Tree 
o r  Kromberg.
T ec ton ic  Evolu t ion
The o ccu r rence  o f  c l a s t s  o f  Fig Tree rocks  in t h e  c o a r se  c l a s t i c  
rocks  o f  t h e  Fig Tree Group, combined w i th  the  o ccu r rence  o f  
s t r u c t u r a l l y  r e p e a te d  s t r a t i  g ra p h ic  packages ,  has im por tan t  
i m p l i c a t i o n s  r e g a rd in g  t h e  t e c t o n i c  e v o lu t io n  o f  th e  Barber ton  
g reens tone  b e l t .  P r i o r  t o  t h e  t e c to n i sm  which i n i t i a t e d  Fig Tree 
s e d im e n ta t io n ,  t h e  B arber ton  g re e n s to n e  b e l t  evolved under e s s e n t i a l l y  
anorogen ic  c o n d i t i o n s .  Sed im en ta t ion  was d i r e c t l y  r e l a t e d  t o  v o lc an ic  
a c t i v i t y  (Lowe, 1982b). Toward th e  top  o f  th e  Hooggenoeg Formation 
(F ig .  2) i s  a ' d i s t u r b e d  zone '  up to  2 km t h i c k  in  which l a r g e  blocks  
o f  v o lc an ic  rock have been r o t a t e d  and deformed (Lowe e t  a l . ,  1985).
The e x a c t  age o f  t h i s  de fo rm a t ion  i s  no t  known bu t  f i e l d  r e l a t i o n s  
i n d i c a t e  a pre-Moodies age (Lowe, e t  a l . ,  1985).  The r e l a t i o n  o f  t h i s  
upper Hooggenoeg d i s t u r b a n c e ,  i f  any ,  t o  th e  de form at ion  a f f e c t i n g  the  
uppermost Kromberg and lower Fig Tree  rocks  o f  th e  p r e s e n t  s tudy  i s  
unknown. S u s ta in ed  o ro g en ic  a c t i v i t y  which r e s u l t e d  in prolonged 
sed im en ta t io n  began w i th  t h e  o n s e t  o f  Fig Tree s ed im en ta t io n  and 
con t inued  through Moodies t im e .  Fig Tree t e r r i g e n o u s  c l a s t i c  
s ed im en ta t io n  in the  p r e s e n t  s tudy  a rea  can be d i r e c t l y  r e l a t e d  to  th e  
deformat ion  which produced th e  r e p e a te d  s t r a t i g r a p h i c  packages.
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D e ta i l e d  f i e l d  work has shown t h a t  t h e  uppermost Kromberg 
Formation and Fig Tree Group o f  t h i s  s tudy  have been broken i n t o  a 
s e r i e s  o f  im b r ic a te  s h e e t s ,  emplaced along low-angle  t h r u s t  f a u l t s  
(Dokka and Lowe, 1984; Lowe e t  a l . ,  1985; t h i s  s t u d y ) .  Each im b r ic a te  
s h e e t  de tached  a long th e  a l t e r e d  u l t r a m a f i c  rock zone o f  th e  uppermost 
Kromberg Format ion.  Apparen t ly  t h e s e  u l t r a m a f i c  rocks  p rovided  a 
r e l a t i v e l y  weak zone a long which t h r u s t i n g  could  t ak e  p l a c e .  These 
s t r u c t u r a l  b e l t s  r e p e a t  t h e  uppermost p o r t i o n  o f  t h e  Kromberg 
Format ion,  t h e  Fig Tree Group, and ,  as shown by more r e c e n t  work (D.R. 
Lowe, P e r s .  Comm., 1986),  th e  lower p a r t  o f  the  Moodies Group. Within 
each b e l t  th e  younging t r e n d  i s  to  th e  n o r th  and t h e r e  i s  an o v e r a l l  
younging t r e n d  between s t r u c t u r a l  b e l t s .
F igure  36 g r a p h i c a l l y  summarizes t h e  sequence o f  t e c t o n i c  and 
sed im en ta t io n  even ts  le ad in g  up to  and in c lu d in g  th e  im b r i c a t e  t h r u s t  
f a u l t i n g .  S tage  1 i s  a v o l c a n i c  p la t fo rm  o r  anorogen ic  p e r i o d ,  
c h a r a c t e r i z e d  by upper Onverwacht and lower  Fig Tree ro c k s .  This s t a g e  
d i s p l a y s  l i t t l e  t e c t o n i c  a c t i v i t y  (F ig .  36A). The second s t a g e  beg ins  
t h e  development o f  t e c t o n i c  i n s t a b i l i t y ,  as  shown by the  appearance  o f  
second c y c l e  c l a s t i c  d e t r i t u s .  Local u p l i f t s  s u p p l i e d  s h a l l o w - l e v e l  
i n t r a f o r m a t i o n a l  d e b r i s  t o  small sed im en ta ry  systems t h a t  were 
c h a r a c t e r i z e d  by w idespread  l a t e r a l  f a c i e s  changes (F ig .  36B,C). The 
f i n a l  s t a g e  i s  t h a t  o f  i m b r i c a t e  t h r u s t i n g  and o ro g e n e s i s  (Fig 36D,E). 
Sediments o f  t h e  Fig Tree Group were d e r iv e d  from v a r io u s  l e v e l s  w i th in  
th e  g reen s to n e  b e l t .  Over ly ing  Moodies Group sediment had source  
t e r r a i n s  which were r i c h  in  q u a r t z  and k - s p a r ,  and which were found 
o u t s i d e  the  g re e n s to n e  b e l t .
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Fig .  36. Sed im en to log ica l  and t e c t o n i c  e v o lu t io n  o f  th e  
Barber ton  Greenstone B e l t  from l a t e s t  Onverwacht to  e a r l i e s t  
Moodies t im es .  (A) -  Anorogenic s t a g e ,  p redom inan t ly  a pe r iod  
o f  i n t e r m i t t e n t  lava  e x t r u s i o n  with  in te rb e d d ed  carbonaceous 
c h e r t s  and v o l c a n i c l a s t i c  u n i t s .  This  s t a g e  in c lu d e s  lowermost 
Fig Tree  ro ck s .  (B,C) -  S tage  o f  evo lv ing  t e c t o n i c  i n s t a b i l i t y  
c h a r a c t e r i z e d  by e x t e n s i v e  v o l c a n i c l a s t i c  and p y r o c l a s t i c  v o l -  
canism and a s s o c i a t e d  s e d im e n ta t io n .  At t h i s  s t a g e ,  loca l  
u p l i f t  and shal low  e r o s io n  o f  t h e  g re e n s to n e  b e l t  su p p l ied  
t e r r i g e n o u s  d e b r i s .  (D,E) -  A f i n a l ,  o ro g en ic  s t a g e  in  which 
t h e r e  was t h r u s t  f a u l t i n g  and e ro s io n  o f  both i n t r a -  and e x t r a ­
b e l t  r o c k s ,  r e s u l t i n g  in  widespread  c l a s t i c  s ed im en ta t io n .
® = p o i n t  o f  a b s o l u t e  r e f e r e n c e .
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The p r e c i s e  n a tu r e  and t iming  o f  t h e  t h r u s t i n g  i s  d i f f i c u l t  to  
d i s c e r n .  Complica t ions  a r i s e  from: p o s t - t h r u s t i n g  de fo rm a t io n ;
unknown magnitudes  o f  movement o f  i n d iv id u a l  t h r u s t  s h e e t s ;  and 
p o s s i b l e  d i f f e r e n t i a l  l e v e l s  o f  e r o s io n  r e l a t e d  to  p o s t - t h r u s t i n g  
d e fo rm a t io n .  Although i t  i s  no t  known how f a r  in d iv id u a l  s h e e t s  
t r a v e l l e d ,  i t  ap p ea rs  t h a t  movement was no t  g r e a t  because t h e  
j u x t a p o s i t i o n  o f  f a c i e s  t h a t  may have formed in  wide ly  s e p a r a t e d  p a r t s  
o f  th e  b a s in  i s  no t  s een .  Evidence s u g g es t s  t h a t  t h r u s t i n g  was 
i n i t i a t e d  du r ing  l a t e  Fig Tree  t im e .  Many o f  t h e  t h r u s t  f a u l t s  in  th e  
Fig Tree  s e r v e  as  l o c i  f o r  th e  i n t r u s i o n  o f  d a c i t i c  hypabyssal  ro c k s ,  
which appea r  to  be co-magmatic w i th  d a c i t i c  e x t r u s i v e  rocks  in  the  
upper Fig Tree ( L i t h o f a c i e s  C2 ) .  Conglomerates a t  t h e  top  o f  th e  Fig 
Tree Group c o n ta i n  c l a s t s  o f  upper Fig Tree d a c i t i c  hypabyssal  rocks  as 
well  as c l a s t s  o f  c h e r t  d e r iv e d  from lower s t r a t i g r a p h i c  l e v e l s .  This 
r e l a t i o n s h i p  su g g e s t s  t h a t  f a u l t i n g  and u p l i f t  accompanied volcanism 
and i n t r u s i o n  in  l a t e  Fig Tree  t im e .
The type  o f  t h r u s t i n g  t h a t  occu r red  in th e  B arber ton  Greenstone  
B e l t  i s  t h i n - s k i n n e d  (H a r r i son  and M i l i c i ,  1977; Boyer and E l l i o t ,
1982; Coward, 1983; Hatcher  and W il l iam s ,  1986) r a t h e r  than  c r y s t a l l i n e  
(H a tcher  and W i l l iam s ,  1986),  in  which the  f a u l t s  a r e  d e e p - c r u s t a l  and 
move h ig h -g rad e  metamorphic ro ck s .  T y p i c a l l y ,  t h r u s t  f a u l t s  propogate  
upward and outward from an i n i t i a l  f a u l t ,  u s u a l l y  a long a decollen ient 
zone.  The p resence  o f  a d eco l lem en t  zone i s  no t  p r e r e q u i s i t e ,  and i t  
canno t  be s a i d  a t  t h i s  t ime whether  o r  no t  one e x i s t s  in  th e  Barber ton  
Greenstone  B e l t .  In a d d i t i o n  to  producing  r e p e a te d  l i t h o l o g i c  
packages ,  t h r u s t i n g  may produce d i f f e r e n t  i n t e r n a l  g eom et r ie s  (F ig .
3 7 ) .  T h i s ,  combined with  d i f f e r e n t  l e v e l s  o f  e r o s io n  may produce
SOUTH NORTH
Fig.  37. Diagramatic sketch showing poss ib le  t h ru s t in g  mechanism. In t h i s
example t h r u s t  shee ts  propagate ou t ,  to the  south .  Note how indiv idual 
t h r u s t  shee ts  have d i f f e r e n t  in te rn a l  geometries ,  which would r e s u l t  
in d i f f e r e n t  su r face  exposures depending on the  level o f  eros ion .  
L i tho log ic  u n i t s  do not r e p re se n t  those o f  t h i s  s tudy. I t  i s  no t known 
i f  a t ru e  decollement zone e x i s t s  in the  Barberton Greenstone B e l t . .  
Modified from Harr is  and Mil ic i  (1977).
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s i g n i f i c a n t  v a r i a t i o n s  in l i t h o l o g y  between s t r u c t u r a l  b e l t s .  I t  i s  
p o s s i b l e  t h a t  im p o r t a n t ,  d i a g n o s t i c  f a c i e s  o f  t h e  Fig Tree Group have 
been s t r u c t u r a l l y  removed -  a b se n t  due t o  th e  v a g a r i e s  o f  de form at ion  
and e r o s i o n .
One a s p e c t  o f  th e  s t y l e  o f  t h r u s t i n g  seen in  th e  Barber ton  
Greenstone  B e l t  i s  d i f f e r e n t  from most o t h e r  t h in - s k i n n e d  
t h r u s t - f a u l t e d  a r e a s .  There i s  an o v e r a l l  younging t r e n d  (nor thward)  
between th e  s t r u c t u r a l  b e l t s .  This  i s  seen in  t h e  appearance  o f  
Moodies Group rocks  in  uppermost s t r u c t u r a l  zones with  the  concom itan t  
d i s ap p e a ra n ce  o f  Kromberg Formation ro c k s .  The appearance  o f  Moodies 
Group rocks  could  be ex p la in ed  by th e  t h r u s t  system being a c t i v e  over  a 
g e o g r a p h ic a l ly  wide a r e a ,  so as to  in c lu d e  rocks o f  d i v e r s e  o r i g i n .
The d i s ap p e a ra n ce  o f  Kromberg Formation r o c k s ,  however,  im p l ie s  t h a t  
th e  t h r u s t  f a u l t s  a r e  m ig r a t in g  s t r a t i g r a p h i c a l l y  upward. This 
o b s e r v a t io n  i s  no t  e a s i l y  e x p la in ed  by s tan d a rd  t h r u s t i n g  models.
H a r r i s  and M i l i c i  (1977) proposed a s t y l e  o f  t h in - s k i n n e d  t h r u s t i n g  f o r  
th e  Appalachians  t h a t  would e x p la in  t h e  s t r u c t u r a l  and s t r a t i g r a p h i c  
r e l a t i o n s h i p s  seen in  th e  Barber ton  Greenstone  B e l t .  In t h e i r  model,  
an abandoning p rocess  becomes o p e r a t i v e  dur ing  movement, so t h a t  the  
s t r a t i g r a p h i c  p o s i t i o n  o f  t h e  detachment  f a u l t s  m ig ra te s  v e r t i c a l l y .  
This  s t y l e  o f  de form at ion  i s  d i a g r a m a t i c a l l y  shown in Figure  38 f o r  
rocks  o f  t h e  Barber ton  Greenstone  B e l t .  The o b s e r v a t io n s  j u s t  
d i s c u s s e d  may be b e t t e r  ex p la in ed  by no t ing  t h a t  u p p e r - s t r u c t u r a l - z o n e  
f a u l t s  a r e  s t i l l  l o c a t e d  in  u l t r a m a f i c  rock -  in  t h i s  case  lower Fig 
Tree r a t h e r  than upper Kromberg. The upward m ig r a t io n  o f  th e  f a u l t s  
may be min imal,  o r  t h e  p o s s i b i l i t y  e x i s t s  t h a t  t h e  v o lc a n ic  rocks  a r e  
d iach ronous .
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Fig. 38. Idea l ized  and diagramat ic  re p re se n ta t io n  o f  s t y l e  of  th ru s t i n g  seen in 
study a rea .  Basal detachment f a u l t  migrates upward and propagates  to 
north in t h i s  example. I t  i s  not known i f  the re  i s  a t ru e  decollement 
zone in the  Barberton Greenstone Bel t .  Not to sca le  and exaggerated 




When i n t e r p r e t i n g  Phanerozoic  sed im en ta ry  b a s i n s ,  t e c t o n i c s  and 
s ed im en ta t io n  i s  regarded  in th e  c o n te x t  o f  p l a t e  i n t e r a c t i o n s .  The 
q u e s t i o n  o f  whether o r  not p l a t e  t e c t o n i c s  o p e ra ted  in some f a s h io n  in  
t h e  Archean i s  im poss ib le  t o  r e s o l v e  a t  t h i s  t im e .  I t  has been popu la r  
to  t r y  t o  ex tend modern p l a t e  t e c t o n i c  p ro c e sse s  to  the  Archean and to  
use t h e s e  p ro c e sse s  to  e x p la i n  the  s ed im en ta t io n  vo lcan ism ,  p lu to n ism ,  
and de form at ion  o f  g reen s to n e  b e l t s  (Burke e t  a l . ,  1976; Tarney e t  a l . ,  
1976; Windley,  1984; and many o t h e r s ) .  Another view, which t a k e s  i n t o  
account  major d i f f e r e n c e s  in  th e  geology o f  Archean t e r r a n e s  as 
compared with  Phanerozoic  s e t t i n g s ,  i n c o r p o r a t e s  th e  assumption t h a t  
g loba l  t e c t o n i c s  has no t  been s t r i c t l y  u n i f o r m i t a r i a n .  This assumption 
i s  based on th e  changing p h y s ica l  c o n d i t i o n s  o f  th e  l i t h o s p h e r e  and 
u n d e r ly in g  m an t le .  Proponents  o f  t h i s  view s p e c u l a t e  on " p r i m i t i v e "  
p l a t e  t e c t o n i c  p ro c e s se s  i n c lu d in g  a c c e l e r a t e d  sp read ing  and 
s u b d u c t io n ,  th e  p re sence  o f  many m i c r o - p l a t e s ,  and th e  l i m i t e d  opening 
and c lo s i n g  o f  ocean b a s in s  (Burke e t  a l . ,  1976; Baer e t  a l . ,  1981; 
Fyfe ,  1981; Lambert ,  1981).  About the  only  a s p e c t  o f  th e  e a r l y  h i s t o r y  
o f  th e  e a r t h  agreed  upon by th o se  working in  Precambrian t e r r a n e s  i s  
t h a t  th e  e a r t h ' s  geothermal g r a d i e n t  was p robab ly  h ig h e r  in  the  
Archean.
The most popu la r  p l a t e  t e c t o n i c  model f o r  g re e n s to n e  b e l t  
e v o lu t io n  i s  t h a t  o f  the  t h e  marginal b ack -a rc  s e t t i n g  (Tarney e t  a l . ,  
1976; Groves e t  a l . ,  1978; Windley, 1984).  A f t e r  f i n a l  welding to  a 
c r a t o n ,  t h e s e  b a s in s  have s y n c l i n a l  form, g r e e n s c h i s t  metamorphic 
g ra d e ,  and a v o lcano-sed im en ta ry  rock a s s o c i a t i o n ,  a l l  o f  which a re  
s i m i l a r  to  g re e n s to n e  b e l t s .  However, t h e r e  a re  s ev e ra l  problems with 
a b a ck -a rc  bas in  model f o r  Archean g reen s to n e  b e l t s .  F i r s t ,  back -a rc
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b a s in s  form with  s i m a t i c  c r u s t  a t  th e  b a s e ,  and known marginal b ack -a rc  
b a s in s  always c o n ta in  o p h i o l i t e  sequences  (Windley,  1984).  No 
modern-type o c e a n - f l o o r  o p h i o l i t e  has been r e p o r t e d  from an Archean 
g re e n s to n e  b e l t  (F y fe ,  1981).  U n t i l  a good example o f  an o p h i o l i t e  i s  
found in  an Archean complex i t  i s  premature  t o  d i s c u s s  modern s e a - f l o o r  
sp read in g  p r o c e sse s  o c c u r r in g  in  t h e  Archean.  Secondly ,  th e  v o lc an ic  
a r c s  t h a t  a r e  a s s o c i a t e d  w i th  marginal b a s in s  would p rov ide  d e t r i t u s  to  
th e  v o l c a n i c  p o r t i o n  o f  g re e n s to n e  b e l t s .  Lowe (1980) p o i n t s  ou t  t h a t  
t h e r e  i s  a l ack  o f  a r c - d e r i v e d  sediment  in  Archean g re e n s to n e  b e l t s .  A 
f i n a l  d i s c r ep e n c y  between Archean g r e e n s to n e  b e l t s  and marginal 
b a ck -a rc  b a s in s  has been o u t l i n e d  by P l a t t  (1980) .  In h i s  s tudy  o f  the  
Agnew g re e n s to n e  b e l t  o f  Western A u s t r a l i a ,  P l a t t  (1980) n o te s  t h a t  th e  
marg inal bas in  model cannot  e x p la i n  th e  voluminous p r e - t e c t o n i c  
t o n a l i t i c  magmatism o f  t h i s  b e l t .  Recent b a c k - a rc  b a s in s  show no 
ev idence  f o r  t h i s  type  o f  magmatism. This  d i s c u s s i o n  deom ons t ra tes  
t h a t  t h e  s t y l e  and e x t e n t  o f  Archean t e c t o n i c s  i s  as y e t  unknown.
Although t h e r e  e x i s t  rocks  which ap p ea r  to  occur  e x c l u s i v e l y  in 
Archean g reens tone  b e l t s  ( e . g .  k o m a t i i t e s ) ,  o t h e r s  occur  t h a t  a re  
e s s e n t i a l l y  th e  same as t h o s e  g e n e ra te d  in Phanerozoic  p l a t e - t e c t o n i c  
s e t t i n g s .  An example would be c a l c - a l k a l i n e  s u i t e s .  In the  
Phane rozo ic ,  c a l c - a l k a l i n e  rocks  a r e  e r u p te d  mos t ly  in v o l c a n i c  a r c s  
presumably in  g e n e t i c  r e l a t i o n  to  s u b d u c t io n .  The hypabyssal  d a c i t i c  
porphyry which i s  so abundant  in  t h e  s tudy  a rea  i s  o f  c a l c - a l k a l i n e  
a f f i n i t y  (Byerly  and Lowe, 1985).  F i e l d  ev idence  s u g g es t s  t h a t  t h i s  
rock i s  Fig Tree in  ag e ,  w i th  f a u l t i n g ,  u p l i f t ,  and e r o s io n  t a k in g  
p la ce  a t  t h e  t ime o f  t h i s  igneous a c t i v i t y  (Lowe and B yer ly ,  1986b;
Lowe e t  a l . ,  1985).  I t  seems l i k e l y  t h a t  t h e  p ro c e sse s  r e s p o n s i b l e  f o r
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th e  g e n e r a t io n  o f  t h e  c a l c - a l k a l i n e  rocks  i s  r e l a t e d  to  th e  d r a s t i c  
change in  t e c t o n i c  s t y l e  we see  between Fig Tree  rocks  and th o se  o f  th e  
Onverwacht Group. B ick le  e t  a l . (1983) have noted s i m i l a r  o ccu r ren ces  
in th e  P i l b a r a  Block o f  Western A u s t r a l i a .  Based on th e  work o f  Byerly 
and Lowe (1985, 1986) and o t h e r s  (B ar ley  e t  a l . ,  1984; B ick le  e t  a l . ,  
1983) t h e s e  l a t e - s t a g e  v o l c a n i c  rocks  may be magmatic-arc  d e r i v e d .  The 
s t y l e  o f  de fo rm at ion  w i th in  th e  uppermost Onverwacht and Fig Tree 
Groups i s  s i m i l a r  to  t h a t  o f  f o l d  and t h r u s t  b e l t s  a s s o c i a t e d  w i th  
Phanerozoic  subduc t ion  sys tem s .  The presence  in  th e  Barber ton  
Greenstone  B e l t  o f  both s t r u c t u r a l  s t y l e  and igneous rock s u i t e s  t h a t  
a r e  s i m i l a r  to  t h o s e  seen in  Phanerozoic  p l a t e  t e c t o n i c  s e t t i n g s  
p rov ides  a f o r c e f u l  argument f o r  a s e t t i n g  comparable to  a
modern,  a r c - t y p e  env ironment .  This  s e t t i n g  was no doubt some modif ied  
form o f  t o d a y ' s  s u b d u c t i o n / a r c  complex. Evidence s u g g es t s  t h a t  
p l a t e - t e c t o n i c  p r o c e sse s  as  we unde r -  s t a n d  them today  seem t o  have 
been o p e r a t i n g  a t  l e a s t  as  f a r  back as  2 .1  b . y .  (K e r r ,  1986),  and the  
s i m p l e s t  s o l u t i o n  to  e x p la in  th e  occu r ren ce  o f  many o f  t h e  f e a t u r e s  o f  
g re e n s to n e  b e l t s  i s  to  u t i l i z e  p ro c e s s e s  we u n de rs tand  r a t h e r  than 
invoke unknown s e t t i n g s  produced by unprovab le  dynamics c o n s t r a i n e d  by 
unmeasurable  pa ram e te r s .
The s e d im e n ta ry -v o l c a n ic  reco rd  p re se rv e d  in th e  Onverwacht Group 
i s  not e a s i l y  r e c o n c i l e d  w i th  an Andean-type t e c t o n i c  s e t t i n g .  Both 
mafic  and f e l s i c  volcanism occu r red  in  a r e l a t i v e l y  q u i e t ,  
s h a l lo w -w a te r  env ironm ent .  This v o l c a n i c  p l a t fo rm  s t a g e  was m os t ly  an 
i n t e r v a l  o f  lava  e x t r u s i o n  w i th  l i t t l e  t e c t o n i c  a c t i v i t y  (Lowe and 
B yer ly ,  1986).  The Fig Tree r e p r e s e n t s  f i r s t  a t r a n s i t i o n ,  w i th  a 
c o n t i n u a t i o n  o f  maf ic  and u l t r a m a f i c  vo lcan ism ,  then widespread  f e l s i c
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vo lcan ism ,  and f i n a l l y  a p e r io d  o f  fo ld i n g  and t h r u s t i n g  (Lowe and 
B yer ly ,  1986).
The p reced ing  d i s c u s s i o n  p o i n t s  o u t  some o f  t h e  d i f f i c u l t i e s  o f  
t r y i n g  t o  d e s c r i b e  t h e  t e c t o n i c  e v o lu t io n  o f  Archean g re e n s to n e  b e l t s  
u t i l i z i n g  modern p l a t e  t e c t o n i c  p r o c e s s e s .  C u r r e n t l y ,  marginal b a s in s  
a r e  the  most popu la r  p l a t e  t e c t o n i c  model f o r  g re e n s to n e  b e l t  
development,  and they  do s a t i s f y  many o f  th e  known s t r u c t u r a l ,  
s t r a t i g r a p h i c ,  geochemical and f i e l d  r e l a t i o n s h i p s  o f  g re e n s to n e  b e l t s .  
However, t h e r e  a r e  fundamental  d i f f e r e n c e s ,  some mentioned above,  t h a t  
i n d i c a t e  a marginal b a s in  (as  forming today)  does no t  p ro v id e  a 
s a t i s f a c t o r y  model f o r  g re e n s to n e  b e l t  development.  The same types  o f  
problems a r i s e  w i th  o t h e r  p l a t e  t e c t o n i c  s e t t i n g s  such as  r i f t  b a s in s  
(Condie and Hunter ,  1976; Groves e t  a l . ,  1978);  and hot sp o ts  (F y fe ,  
1978; Lambert ,  1981) and i t  i s  becoming a p p a r e n t  t h a t  Archean 
g re e n s to n e  b e l t s  may have formed in  unique and d i v e r s e  t e c t o n i c  
s e t t i n g s .
I t  seems l i k e l y  t h a t  i f  p l a t e  t e c t o n i c s  o p e ra ted  in  t h e  Archean i t  
was in some modif ied  form from t h a t  o f  to d a y ,  and t h a t  t h i s  d i f f e r e n c e  
in  p rocess  i s  r e f l e c t e d  in  t h e  unique  f e a t u r e s  o f  Archean t e r r a n e s .  A 
comprehensive t e c t o n i c  model o f  g re e n s to n e  b e l t  e v o lu t io n  i s  beyond the  
scope o f  t h i s  paper .  Whether o r  no t  some form o f  p l a t e  t e c t o n i c s  
o p e ra te d  in th e  Archean i s  s t i l l  an unanswered q u e s t i o n ,  but r e c e n t  
work has shown t h a t  Archean p l a t e s  t e c t o n i c s  was indeed p o s s i b l e  (S leep  
and Windley,  1982; A rnd t ,  1983; N isbe t  and Fowler,  1983).
The r e s u l t s  o f  t h i s  s tudy  lead  to  s ev e ra l  c o n c lu s io n s  reg a rd in g  
t e c t o n i c s  and s ed im en ta t io n  in  t h e  sou thw es te rn  p o r t i o n  o f  the  
Barber ton  g reen s to n e  b e l t .  Sediment supply  was i n i t i a l l y  from both
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v o lc a n i c  e r u p t i o n s  and u p l i f t e d  p o r t i o n s  o f  the  g re e n s to n e  b e l t  i t s e l f .  
There i s  no ev idence  f o r  a nearby c o n t i n e n t a l  b lock  o r  v o l c a n i c  a r c  in  
t h e  rocks  o f  the  s tudy  a r e a ,  however a c o n t i n t e n t a l - t y p e  source  a r e a  i s  
i n d i c a t e d  in  sed im enta ry  rocks  o u t s i d e  t h e  s tudy  a r e a ,  in  the  
no r the rnm os t  t h r u s t  s h e e t s .  Repeated s t r a t i g r a p h i c  packages a re  
s e p a r a t e d  by low-angle  t h r u s t  f a u l t s ,  i n d i c a t i n g  an im b r ic a te  s t y l e  o f  
t h r u s t i n g .  The s t r a t i g r a p h i c  and sed im en to lo g ica l  ev idence  i n d i c a t e s  
t h a t  t h e  o ro g e n e s i s  was e p i s o d i c  r a t h e r  than  c o n t in u o u s ,  w ith  newly 
formed d e p o s i t s  being u p l i f t e d  to  p rov ide  a source  f o r  s t i l l  younger 
sed im en ts .
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Measured S e c t io n  L o c a l i t i e s
Measured S ec t io n S - l 25°54 '24" S 30°55 ■25" E
Measured S e c t io n S-2 25°53 ■26" S 30°59 ■03" E
Measured S ec t io n S-3 25°54 '03" S 30°59 '40" E
Measured S e c t io n S-4 25°54 •57" S 30°57 '56" E
Measured S ec t io n S-5 2 5 °5 4 ‘ 19" S 30°57 • 04" E
Measured S ec t io n S-6 2 5 °5 3 , 56" S 30°56 ■34" E
Measured S e c t io n S-7 2 5 °5 3 155" S 30°56 '15" E
Measured S e c t io n S-8 25°53 ’57" S 30°56 '25" E
Measured S ec t io n S-9 25°54 ■30" S 30°57 ■04" E
Measured S ec t io n S-10 2 5 °5 3 1'48" S 3 0°551'57" E
S-10A 25°53' '48" S 3 0°551'57" E
S-10B 2 5 °5 3 ,47" S 30°55 '57" E
Measured S ec t io n S - l l 25o55 '05" S 30°00' 33" E
Measured S e c t io n S-12* 25°54' 47' S 3 1°01108" E
Measured S e c t io n S-13* 25°54' 46" S 3 1 °0 1 107" E
Measured S e c t io n S-14 25°54‘ 16" S 3 0°55155" E
25°54‘ 13" S 3 0°55155" E
Measured S e c t io n S-15 25°53* 43" S 30°57 '00" E
Measured S ec t io n S-16 2 5 °5 3 142" S 30°56' 59" E
Measured S e c t io n S-17 25°53 ' 53" S 30°56* 13" E
Measured S e c t io n S-18 25°54' 56" S 30°56 ' 26" E
Measured S ec t io n S-19 25°53 ' 45" S 30°56135" E
Measured S ec t io n S-20 25°53 ' 52" S 3 0°55153" E
Measured S e c t io n S—21 25°53147" S 3 0°56 '25" E
Measured S ec t io n S-22 25°53' 55" s 30o5 6 ‘32" E
Measured S e c t io n S-23 25°53152" s 30°59157" E
Measured Section L o c a lit ie s  (c o n t.)
Measured S e c t io n S-24 25°53 '41" S 31°00'■02" E
Measured S ec t io n S-25 25°53 ■28" S 31°00' '36" E
Measured S e c t io n S-26 25°54 ■28" S 30°58' '54" E
Measured S e c t io n S-27 25°54 '32" S 3 0 °5 9 ''15" E
Measured S ec t io n S-28 25°54 '10" S 3 0 °5 9 1'10" E
Measured S ec t io n S-29 2 5°531'35" S 30°57 ' 00" E
Measured S e c t io n S-30 25°53153" S 3 0 °5 9 158" E
Measured S ec t io n S-31 25°531'55" S 30°56' 30" E
*These s e c t i o n s  lo c a t e d  o u t s i d e  s tu d y  a r e a .
Measured s e c t i o n s  32 ,  33 and 34 a r e  many hundreds  o f  mete rs  
t h i c k .  The l o c a t i o n s  g iven  a r e  f o r  t h e  base  o f  t h e  s e c t i o n ,  
which i s  t h e  sou thern -m os t  p o r t i o n  o f  t h e  s e c t i o n ,  w i th  t h i c k n e s s  
i n c r e a s i n g  t o  t h e  n o r th .
Measured S e c t io n  S-32 25°54 '12"  S 30°56 '15"  E
Measured S e c t io n  S-33 25°53 '58"  S 30o59 '55"  E
Measured S e c t io n  S-34 25°54 , 50" S 30o5 7 ‘49" E
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EXPLANATION FOR MEASURED SECTIONS
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black  c h er t
normally graded bed
m assive  bed 
in v e r s e ly  graded bed




==■ -  f l a t  s t r a t i f i c a t i o n
-  c r o s s  lam in at ion  
V S -  -  c ro ss  s t r a t i f i c a t i o n
W  -  planar c r o s s  s t r a t i f i c a t i o n
-  h o r izo n ta l  s t r a t i f i c a t i o n
-  scoured base and la g
X  ~ im b rication  
L-Bg -  l i t h o f a c i e s  d e s ig n a t io n
-  scour c a s t
-  f l a s e r  bedding
•A  -  a c c r e t io n a r y  l a p i l l i
-  b recc ia
" w h i t e  c h e r t  bands 
•=asS" -  in tra fo rm a t io n a l  conglomerate  
®  -  sample
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G r e e n  che r t
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, , ,  basa l  c o n t a c t  
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Measured S e c t io n  S-7
10
Measured S e c t io n  S-6
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Measured S e c t io n  S-9
Measured S e c t io n  S-8
147
Measured S e c t io n  10-A
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^  44-2



























r e p e t i t io u s  a lt e r n a t io n  o f  
th in  (l-5 cm ) bands o f  f in e  to  
c o a rse  sandstone and f l a t -  
lam inated  v . f .  sandston e to  
s i l t s t o n e .  Local th ic k e r  beds 
o f  c o a rse  to  v . co a rse  









































Measured S ection  S-16
Measured S e c tio n  S - 17
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Measured S e c tio n  S-21
47-1
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Measured S e c tio n  S-22
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Measured Section  S-26
co n to r ted  bedding•̂ i
J1
’ a  s i l t s t o n e  r ip -u p s
53-3










































f e r r u g i n o u s












Mixture  o f  b lack  and 
g reen  c h e r t
y  65-3 l- b2
161
















































Measured S ection  S-32
ri*** l-/











































































S 1 l t s to n e - c l a s t  b re c c i a .  This 
d ep o s i t  i s  a ch ao t ic  arrangement 
o f  s i l t s t o n e  and c h e r t  c l a s t s  
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Measured S e c tio n  S -33  ( c o n t .)
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Measured Section  S-34
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